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j O. Abstract (continued)

e Inte rna l baffles are also necessary to reduce scattered electron
back ground. The tests showed that a magneti c spectromete r which can
analyze electrons to more than 10 MeV can be readil y construc ted . A
preliminary design for a flight uni t magnetic electron spectromete r is
given .
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1. I N I R O D U C T I O N

The re liable de tect ion  of hi gh e n e r g y  (1 to 10 MeV) electrons in space
has  been di l f i cu lt  unde rtak ing . Elec t rons  sca t te r conside rably in passing
t h r ou g h r~ . t t t t  r and prod uc e b r e m s s tr a h lu n g  which can in t e r ac t  to simulate

~~ ~t r i n ~ of  d~~1e re nt er~c - r g y .  M o s t  r eg io ns ol the ear th ’  s magne tosphere
w~~i~ h ~an co nt a in  high r g y  ~- 1.-~ runs  also conta in  hig h ene r~~y protons ,
and t h e  ~

- 1~-~ r u n s  ~~ oi~ :e d i f f i cu l t to dete~~t in t he p r e s e n~.e ox t he other  rad—

A i wnbe r of .t p~ r~’,t~ he s h~t v .  t , e n us o~1 in the past  to detec t  hi gh ene r—
~~ e1e~~ t r o n s  ~~~~~~~ ~ t t e1 1it, -~~. One ~1 V ie  1i r~~t suc h ‘ i e t e L t o r s  W~iS a m a g n et —

~~~i t i 1~ a t o r  i i r ~~ t i~. ’~ I 0. 0 ’  t - ~ 4 ~dr \  e1e~~t r u n s , wh ich  ~~~ used along
w i t h .~ ~ i• i a t ~ s r ,, -  r — , t e  r m i n . -~ th  i- .~ sh Id c l i t e  c t o r s  r I to S Me V elec —

t r ~~~~s z~~- : . 1. 1) . 1 h r  t~~ : . t - t  s - . ~n t i i~ .t t ’ r ~. uri~ n i n .t t i o n  W a s  U Sed  to  be able
t -  ~i . t 1 n ~z . is h  , l e : t r ‘n~ ~ r ’. n i  p r o t on s , n u t  b r e x n - .~~ r a n lu n g  i :~~1~u ~- d ) a ( k —
g r ~ .n 1  prod u~- s - 1  n~~~ ’t 1 t i . - c o u n ts  n. l oW  1. 5  \ t t- \  (R r ~ . 1. 2 ) .  The a b s o r —

. r — -~( . r : ~’. in . -  j  t~. r~- s h o i ~ t . t ~~r s ~~. re a l so  s , -n ~- i t 1 v . ’  t o  ~) r - t t n s  ab ’ v,-

10 ~o 3 — ~ \~ o\  .~~z i i  so . .7 ; t W s~~~r L - .:.~h I to 5 ~~~~~ ~- i e i . t r ~ ’us i r ’ -  ~he~~t

r u : ’  r .~~ ~

I i 10 ~~~. -\  e le~:t run  spe~~t r m(  t . ’ r  h a s  t ’ - . - n  ~ o f l s t : i~ t . ’ i u s i ng  .
iF  i X  — s .. 1: i~~; . t t ~~~r c~~~n~ ~~~~~~ !u, - a ’ .~~rr n . :lt tR. ’t . 1. 3).  ~l•hi — r l l i t f l —

a t i n I s  s . ’ f l”~~t i V k  t ‘.,~b (‘ u r r , \  : t n ’  ( 70 ~-. i . - V )  and so has l i n ut e d  use
in n~ u ch  r t - r . ~ ‘t ~~~i~~:.’ r . . A : z i . . c i ) . t1c . t r u : n et er  b r  0 . 1 t o  1 M e\
,‘l.- .. t r ns ha~ ~L l 5 u  t ’ t - n  u o n s t r i . : t u d  xj -~.-~. 1. - ; ) .  ‘rh ~- r n a g r n - t i~ s p e ct r o n~c ter
~~~~~ a ~~~~ t i . - 1 i  u b  a t it I k~~ a~~ss  a n~ so v..~~’. l i n ut e d  t c  ;~n~~ut 1 M e V  e1e~ —

t r u  .‘r~’ - r c v  I ’  ,iv~~iu  r x u ” S - - :v .-  ‘~i . - - and  w t - i ~:ht . The i n ; .L n r t i t  sp .-  t r i n ) ( - t r r

had ~ c i i i  ‘u ’- ~~~~~~~~~~~ and , t hc r . - r , is s i~~- t i h I ~ ’ t o  ; .  nt t r , t u n ~
i~1,h  . ‘u r r g ~ t r o t u n s  a l  r e u s t r . .h i u n g .

A ~~~~ t i c  ( ‘1 ” t r o T .  ), -~~t r TL.  t , r  l o t  “i i .  r c i e s  up t S MeV as  been
.vn ~. R ’- : . ~~. a~ h a - . n. t a r  t ’ T r~~i .~~. up t i  3. 1 M ’ V  (Ref . 1 .6) .  L3ot h Of

th. -- . - ~a ni - t i c  a na 1 v .- ’ - r ~ u se  180 d . - .g r . - . -  n . ’n ding ari d have  u u i i i~ id , ’n  e d e—
t .  c t - r . I he~ , i r e  t h u s  ~~~~~~~ • ‘p t i t d e  . hi~~h ‘ - n ’ ’r :~ n i - n i t r a t i n g  r i t u n ’ and
t ~~r i s s t r a ’ i 1 u n ~ )a . p’~~ r ’1nd . 1 he  m agn e t i(  s p f L t r - ) r 1 . ’ - t .  r in Ref . 1 .5  is

r r ~ i u r t r d  to  h ay  l i w  ~ii t , -  m a !  b r s ’ : . s st r a h l u n g  s. Ti~~i t i v i t y  , c a u & ., of ~~~~~~~~~~~~~~

F si vr  h a i f i e s , bi~t r~t . - r i-ial h r r n i s  st rab lung u l u ~ levels  can  be quite in tense ,
re quire  L a r .e amounts  ot  lead (h igh  Z) sh I e l d i i i ~~, and he .  UFI i~~’ much more  s’-
ye at  h i g h e r  eie~ I r o n  e n e r g i e s . The m a g n e t i c  spe~ t romete r in Re f .  1. t’
u~ ,-1 - h i ~’1’~e I  d e t e c t o rs  a d j a c e n t  to unsh ie lde l d e t ec to r s  t~~ n i e a  s u r e back—

~ 
r o i n i .  Thi s  leads  to gaps in the m e a su r e d  sp ect  ruin, as well  as Limiting the

:ni a s i i r e a n l e  e l e c t r o n  count r a t es  to a f r a c t i o n  of t he bac k ground coun t rates;
t h e  actua l i r a ~ tion depe nding on t o un ting ~ t a t ~~st i ~ s and bac k g round uniform -
i t  V .

Advances in magnetic mate rials  make it  now possible to construct  mag-
ne t i  ana lyzers  with much l a rge r  gap fields , up to nearl y 5 kG. It thus be-
comes possible to c o n s t r u c t  an in st ru in en t  to detect up to 10 MeV electrons ,

1~~~~ 
1

—

—- — —-- -- - - ~ - -- -—~~~—— - - - - - ~~~~— - — — -~~~~~~~~~~~ -———- -- - --~~----- - . - — - — —~~-- —— - —-—— -
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since othe rwise the magnet poles a t t r ac t  with too muc h force  to allow the
ope rat ion to be easy and safe. Afte r the bottom plate has been securel y
fas tened , the magnet  pole s are  slow ly broug ht togethe r by t u rn ing  the nut
on the threaded rod. The assembly ri g mus t  be ri g id and s t rong,  since the
magnet pole s a t t r ac t  wi th  nearb y 1000 lbs. of fo rce  )u s t  b e f o r e  contact  of

the top pole piece and the ed ge pieces.  Af te r the top pole has been fastened
to t he ed ge pieces  wi th  s c r e w s , the comp lete magnet  a sse m b l y is removed
from the ’ assembl y rig and is read y f o r  t e s t ing.

1.1 Magnet ic  Fteld P rop er t i e -s

The completed n i a g l i e ’t assembl y has a gap  of 1/2 inch  b e tween the  inag-

net f a c e s  and a c i t - a r  gap of about 3/ 8 inc h between the alun-unum nia~iuet  ed ge
t r a c k e t s . W i t h an i r o n  p la te  in the d e t e c t o r  i n s e r t on op ening in  the- top  p la te

( F i g u r e  2 . 3) ,  t he t w o  r e-n ioveable  t o ig e  p 1e~ i- s  ( 1- ig u r c  2. 2) w e  r .- ta ken out on e

at  a t l i : : t ’  a s  n,- . . - s s : er \  , and th e i i i a g n i - t i  f i e ld  p r Ii le l : i . - a s u r e ( i  o ver  the e-nt i r-

~ n e t  p 1.- a tea in t he cente -  r at  t he  m agn e t  ~a p _  The r e s u l t i n g  fie ld p r  -

i s  show n in I’ i g u r e  2 .

I he  ma~. n t - t 1 .  11, - i t  p r  t i l e  has  a I u u . n . : e r  ‘I c!~a r a v t . ’ r i s t i t  s . The f i e l d
in the ~ e n t e r  i t h e  i t t .-  r s e l n i t . i r .  l( ’  1 n : . i gn e ’t  s a v e ra g e s  slightl y ov e r  4. 5 k g
.i OI! sb  W s  t h a t  t h i s  h e l l  i n t e - n s l t y  c an  ne  r . - a t I i i  a c h i e v e d  w i t h  t b .  p r e s e n t  —

~~t c 0 . 1 he l o wer  l i t - l i  i f lt e n s it ~ .,t  the ’ : nn . - r l u l l  -i t h ~- s e - i l i ) . i r ,  I’- i s  becaus e
t a -  w e a k e r  n-ia~~1i,- t s  w e r e  1 1.1. i - !  t h e  r~- _ I s y  s, - i’ . t i . tTi  1 r n  a l a r g e r  numbe r
i t  I ! I a ~~ n f - t s , i t  s!- . : u l d  I . -  p - s s i t ) l e  to  b r i r c  the  f i e l d  at the  cen t er  c-i all f l ia~~~7 ; ’ - t s

t at least 4. S ~~~ This  was  not done-. wit h the I i -  st m ag n e t  a s s . - n it i y h i - c a us e

- e - i s t  r .e 1 x inch  m ag n e t s  w e r e  av a i l a  t i l t .

I hi’ ~u ATt  l i on  liii.- : et w, ’ , -I i  a d ’a c , - i : t , ( i i i  h i i i c  :- .a g n . - t s  show s a d r j  in

t i ” l d  i n te n s i t y  - t  — l - ) ’ ~ _ - l h i s  show s up at n i - a r i ~ a l l  m a g n e t  un.  t i c - I t s  dl i i!  ; l i —

i i  a te  t i . t t  , ‘ Ve O  w it 1: m a gn e ts  ~e I e c t i i 1 r n :  a l a r g e r  n unL . , -  r , t h er e  wi l l  s t i l l
.‘ v . i r i a t i - n c  I t i p  2 ~~ f r - I :  t h e a ve ra c - f ie ld , Of g r i  . it er  i n i p u r t . t l u .  s’ a r e

z :~~
, r i  t h a n  I ~‘

‘
~ - v a r i a t  i i : -  t h a t  show up w h i -  re tb .  n u a g n e t  ho ld ing  sc rew --.

ha ve  f o r .  e l  a c.i p !,,-tw e-efl m acn t -  t rc -w -- - It i s  e xp t -c t v d  tha t  t h i s  can  t i -  r e !  a

b y h . t v i nc  t h e  - ‘r T : , - r s  ?~ t h e  r i a c nt ’ t M ~ r o utt ’ l  s l i g htl y so that  the b .h h n , s e  r i  w s

c a n  .e p lace ! at  tb.  c o r n e r s  whe re f o u r  (4) magne t s  l i l t -ct , and so ‘ 1 1 2 .1 f l . it . - a l l
g a p s  at m a g n e t  - i : ! i  --. . i t v  t h i s  d e s i g n  c h a n g . - , a f l i g h t  I t i a c T a t asse m b l y  c a n
hi’ pr il : . 1  wi t h ~~~ h i t - i d u n i 1 o r n i i t y  iv . -r  the e n t i r e  m a g n e t  s e i i .~~ iz ’ c lc.

The f ie ld  va r i a t i ons  1 ~~~~~ are not expected to  a l I t - .  I s i g n i f i c a n t l y the pe r -
h t ’r l i ! a r . .  e s  1 the  m a g n e t  a s s r l 2 ! h ) l v  ~~r e l e c t r o n  e n e r g y  a n a ly s i s . 1- or  a S M e -V
e l e c t r o n , t i e Id v a r i a t i o n s  of 5’c over  a 1 cm di st ance  pr~~~ 1~~- onl y a 0 . 1” cha nge
in de l i , ’ l i on  r ad iu s , and th i s  is sa fe l y neg lected.  The change an e x i t  d i s t anc e
f o r  1 MeV e l e c t r o n  i s  s t i l l  only about  1 - Z~~, which  is smal ler  than the f r i n g i n g
f i e ld  c o r r ev t i o n ’ . S ince  it  is expected that  a f l i g h t  uni t  would have t o hi’ cali-
bra ted  with electron source. and beams , the f ie ld  var ia t ion s of sc0 should
have no net e ffec t  on the pe r fo rmance  of a fli ght  ins t rument .

The f ie ld p ro f i l e  along the part i c le  en t rance  line (the e n t e r i n g  e l e c t r o n  line
of Fig. 2 .2  extrapolated s t ra ig ht throug h the magnet gap) is show n in Figure 2. b.
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1 hi s  p r u t a l e  sb - ’~~ ~ t he 10’ . ~i. - i d  ~~~ i ll  t h e ~ 1/ lb  inch  gap between the magnet
r ow -. , wh ic h sh~-~:ld t~ r e d u c e d  to a bout  5% b y the m agnet  modif icat i on di i-
c u - . s t- t.! a t i  V t - . i t t- c au s e  c-i  the  large (4. 5 cm) ove rhang  of the iron pole plates ,
t hc - i r i n g i ng  h e l d  c - i t  - - 1 1  : : .  r e ’  sha rp ly and a~ t u a l l~ r .-v~-r s e s  t h rect i o n  at
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Fi~~u re  1. 7 a l t o  S i  ~ t h i -  - . t n e -  ‘ - I  p a r t  - i t  t h e  t - :~~~ :- a T  e . l l i t u~. -r  ar .d
- . tb . ~~- .  a l i n  of th~- po s i t i o n  sc r - s i t i v e  d e t e c t or t i -  t h e  ~~~ - ~~t - s t  e ne r g \  p s !  t~~~~~n .

F r  t h i s  1.- st  s t ’ t — u ~ t h i -  p o s i t : - - t  -s . - n s i t a ’.- .’ d i - t e - . :a r  h a s  a ~ - -we -~ i t .  I i  L t d -a

.‘ni - r g - . ~~t . i :~~~~~ . t 1. t- Mi ’V , and ~ : n - l X i l I i  i f l L  i f  i 1~~~~~~~. 4 . 4  ~.t .  V . A .  o N - — I —
i n g w a s  do n e  w it F -  a Sr— \ . OQ e t.i t, U t u e  of 2 . I T  M e V  n1a ’~im a ;: e l i  - t n l ;  i - l i t  rg-

and a R t - R h -  l O t  bet a ~o i t r .  e- of 3 4 M t - V  n i ax i l n u n i  c i ,  tT ’ -r .‘ne r g v . .-\d u~-

t io nal d.’tai l - . at  !b,’ I c - s t  t o t — t a p  ai~~ t the ’  r e su l t s  of the  t e s t i n~, a r e - gn~ ’r in  t } -

fo l lowi ng se t~~ .n .

3. TI l E  ~- t A ( i -~F i  I- ~ i - L I- -~~1R ( ’ ~--. SPF , I t ( L ) ~ 4k - l F h

3 . )  Spec t ron l e tex -  A . s e i : : . ty  t a r  La: r a t t r~ T e ’- t s

t 

The te -I t n - ia g n et  a s - . c n - t h i v  d e s c r i b e d in Se . tn n I was  used wi th  po s i t ion
SCfl~~i t i v e  cli- t . ’ t c -r~~, a ~00 ~-&n-i t & t a l 1~ c i t -p I e - t e d  — o u r f ,-i ,- t a  r r i e  r detector  f o r  co in—
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ni ,  i i - .  , a c - i l  i t i i a t o  r a s  senibl y . t i t i l u1tt~ rna l anti — ~~ at te -  r a n g  b a f f le - s , as

~h w n  an  ~‘ i~~u r e -  3. 1. The t es t  s e t — u p  in Fi g u r e  3 . 1 show s th e fi na l c o f t i i g  -

r at  i c- i t  a r r i~~
- i d  at  t h roug h rIia n~ expe r u n t -r i t a  1 Ic st s w i t h  an t  ~ rn i e -d  l a t e -  c-ni i g —

u t -  c I t - - t i ” . l b .- p . - s I t i - . .n se- n s i t i v t -  . i . - t t - c t o r  (PS D 1) (
~ nun x 47 n in i  s t -n ~ 1tive

a r t - a l  w a s  it  ~~ .
- i f  i f l  a l l  - i n c  ul  t h e  t h  r et-  p o s i t i o n s  shown , g iv in g  a s l i g h t

e i v t ~ r l ap  he - lw  i - i- n a l i a i  i -n t  p o s i t i on s .  A s e - c  ond (~ miii x .17 m m )  posi t ion s e f l —

* s i t i v i - - i . - t . - t - -r  t P S I) 1) wa s  a l - . - - u s t - !, oj t }t a lone  and in a n t i  o i i i c i d enc e-  w i t h
p :;L) 1. ~t h en  ij i . t h  PSD’ ~ a t -  r i  t i se- d , PS  D I  w a s  used onl y as  a d e t e c t o r  s in c e

c - l i e -  p o s it i o n  ? , e - f s i t i v t -  1 i - t e - ~ b r  . t i n e l t  .‘ .-r  ~l ’SDA) mod ule W a S  a v a i l a b l e .

A b Io~ ~ C I t . C g  r a t ! :  c-i thu  t h u  t r t in  - s i - i  w i t h  the  t e s t  s e t — u p  U t  F i g u r e

~~~. i a - . sh o w n  in F a ~~u i r . - 3. ,l . I b e -  c - t t u p t i - t e -  s e t _ u p  w as  not a l w a y s  used , wi t h
t h e -  .130 ~~z i i  1 . - t i - i t o n  par t of h i - i- l t - c t r o n i c  s c h a i t i  and the MCA coinc idence
in~ it h i t  b e a t i~~ :i t- -1 : r  - m i  - -1 th i -  e a r l a - r  t t - s t s _ W h e n  PSD .1 was  use -t i  in
a n t z - c - i z i e i le nce w i t ’ :  PSP 1, it was  e ozuie-c tcd  in p lace of the 200 ~.iz-n detector
and the M t . A  r u n  on a n t i-c o i n c i d e n ce .

I S}it ’ i t r - : : . , - t , - r  l i s t s  w i th  R a d i - . - a~~t i v , -  S o ur ~ i - s

1 hi ’ - x p c n i i : u . - n t a l . - ! : n~it r a t h i . T t  l c - r  ip o st  c-i t h e -  t i e - t a  s - t o r i - c -  t e s t s  w i t h
t h e ’  sp cu  t ro:: . - t ’ - r a - .  — h o w t t  in  ~ i ,, u r e  3. li O n -  c-i t he  t i r s t  t e st s  wa s  done wi th

~ x .17 mn-i 1 51) ( PSD .1) used w i t h  t i - P~-iI)A , and 1) L s i t t u l, e 1 1  to ( j e t e - i t  1 _ S  t o

3. _I M i - V  e l e -  t r - - : , -- . I he r i - s u t l ! t g  S b - - I r a  ~e - n e - r g y  .ano pos it ion )  1 ’ r  a S r—  V — ~~ iJ

t ) e t a  sou r - .’ ~1rc & i ! O W l  i i i  I i c i r ’  3 . 4 .  The -  PSI) -p. -  t r u n i  ov e r s  c h a nn e l s  1 t - .

SO ~1.l .-. i s  I t i l l  s c a L - ) ,  so u t  i - -. 1, - ar  t h a t  e i . - c t r t - n s  a r t -  o , - i i t~~ 1 , - t i - i t i - i !  w e l l  bt - —

v c - t t < i  t h e -  .1. 17 M t -V  end~~p o in t  - f  h i  Sr y _  ~~~ t e - t ~ , s i ’ u l r t  i- . The I c - c — c o u n t s  s t a l e -
show ~ t h at  h . c i i c i t t g  tb .~ i - i t t -  r g ,  t h r ~ - .h u l d  f r  p c -s  i t i i l i  ~-a 1t  u l a t m o n  f r o m  I SO to
500 ~~e ’V 1.. .w i - r s  t h e -  . ‘ l i - -. t r  t t r a t . - at 1 .5  — .1 M.- \ l — - g  a f a c t o r  i i  5 , w h a l e
at  3 \ 1 ’\ , i t  is  i ow er , -d  i:i~ a I a ,  t - - r  - i  .1 — 3. The !ti~~b c - i t , -  r~~v c ounts  a r t -  a
c o n t t u l i a t u i ’ t i  c-I h r e t n s - t r a b i  u n c  ,ai s~~r i - u r u l and s c a t t , ’ r , - - t  t h u  t r u n s  and have  a
high ’-  r ave rage ’ ‘ - I t t -  r g v  1 -  ‘-s  t b . t r :  r i - a l  e t c - i t r - r s  i i :  the  I M ’ V  r e g ion .  T h e s e
t e s t s  w i — r e ’  n . c : e -a i t n - - t t  t b~ - .100 ~~t :  d e t e c t o r  or  t he  t u t i i l e - s .

4 The  a t - - v i ’  t e - . t~~~’.’ e ’r , -  r i - p t - i t ’  w i t h  t h e  ~t x -17 f l-e P i  PSD ( PSD I )  set to
d . - t e  t L 7 t -  -~~. S Mt ’ V , and p - . ; t ;  -i t s p e c t r a  t a k e n  w i t h  S r-  Y - io (2. 17 M cV max—
i n i u n :  e ’I t u  t ro r i  e n e r g y )  and R u - R h -  l O t -  (~~~. 

- -4  M eV  n-iaxirn um ) sou rce . The re-
- t i t ~~~ a rc  shown i f l  F i g or e  3. ‘t~ a n t i  s i m pl y exte nd the r e s u l t s  s h o w n  in  F i g u r e  3. 4•

A l l  s p e c t r a  s h i V. c o u n t s  at er ie  r g i e s  a b c - v t -  the  beta s ou r c e  end - point . The Sr- V-90
sp e c t r a n i , w h i c h  peaks  a t  a b c - i t t  0. ~ M e V , show s a de f in i t e  change in  slope at the
end ~c-i nt , whi le  the R u - R h - l O b  ‘-p e c t r um , wh ich  peaks  at  about  1, 15 MeV , show s
on l y  a s l i g ht  s iope change  at the ’ end - point .

Several  t e st s  were  made to d e t e r m ine  the source  of the h ighe r  ene rgy
p se u d o -e l e c t r o n  back ground , The S x 27 nun PSD Z was mounted in a hi gher
ene rgy  po si t ion , and spectra of PSD I was taken both f ree  and in anti-coincidence
w i t h  PSD Z . No s igni f icant  changes were  observed indicat ing that electron back-
sc a t t e r i n g f rom the PSD to a hi g her  e n e r g y  posi t ion (> 2  MeV h igher )  was not
the major  source  of back ground . inc reasing the col l imator  opening diameter in
f r o n t  of the  source  by a fac t or  of 2 changed the position spec t rum in tensi ty by
a facto r of about 4 , but did not change the shape . Thi . indicates that much of
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Fig. 3. 3. Exper Imental  Configurat ion for Bet a Source Tests .

16

biz~~
THiTT



-- —-—---‘-- —--—--—--- --—--‘------- —-- -- ----------- - - - 

— 

— - —-- --- - 
~~~~~~~

— —

II c

I.- -
- -
is - — -

I— C

0 :

- . C’
-

C -  ~~~--

II

— -~
I-

- C—

- 
-

0 I— - - 
—

-.
--)-—, i:: 

~~ >-‘ —‘
~ -~~

~‘ 
-.:

I-- ~~~ - ——- i
_

I i _
-
~ II ~~ -~

- . - --- I’

—- - — - - -  —-

_

~ii —a— _~~~~~-~~~~~~ -- - -.  ------ -- - -~~~~- -- -~~~- - -~~~~~~~~~~~~~ - -~~~~



* 

-T i  

-----,-— -------------- —--—-—-- - ---— ‘--——

~~~

— - - - --------

~~~~~

---—-—--——‘--——--— ------—--—----- - -.---- --—-----——-,-,—‘--- --‘---.-- -— — -—-- - - - -

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

f

- it

il
-‘ -‘

-‘--
-

-— -~~ —

U -

‘I ~.

‘ - i - _ i ’ — - -  i
“ l t  ~~~~~ C-i -

-:

II

— -: r

- - U

- - L

c

- 3  0 -

> -
-C 

- i__
-r —

C’
I— U

2

E

_ __ _  

_______ 
--I



- 

- -—---—---- —

t n , ’  ~t i g h I e r~t y  a e k g I - t i n - i  I S  . t s8u c i a t . - -1 w i t h  the enter ing e lec t ron f l u x  and
Ii - - ii i t~~. ~i i t-  c ’  x t n  rna l r en t s  st r a h i un g  c a - .  -

- round.

,-\ s - t  of six ~~) a n U - s c a t t e r a r . I ~ -
~~~ r i .  - .~- er e  p laced aga ins t  each  of t~

- : i a _ : I i - t  t i - i c - s . The s I  r i ; s  w e r e  1 ’ 1t l i i i  h thai i - .  and i/ S  inc h wide , madi-  of
I i~~: • and pla ce -d  an a Ian  a r r an g  , - : I  c - i t t  r~. i a t i n ~ I r~oit sli g h t l y behin d

~~~~
— h  t , 1 b c - s c -  ~~a v c -  i , - n i . ’a s ur c - a b le  ~ b . u I~~e- i t -  ‘ -

~~~
- ,~~ - t i o n  spe ctra , and so wi  i- -

:: - t - t i  - !i \ - e  an  r , - d - si i m : , i l e -  I ron .~~~a t t . - t - t i ~ : d  h r  - s t r . e h 1 : t r - . ,~ p r -  i~~(. I i ( ’ ! ’ _

A - - - : i i p l . t -  s i t  - . 1  p~~~s t t i i - 2 i  i ) ’ c t r a  1 .1’ t h i -  :—
~~~

- ‘I — -J O a l t ’ 1  I( : , — k~’i t ~ 106 S o _ r i .
1-i S ~‘c-\~ n i n  1- i  ~ (I re- 3. t -  - The t - . a -,. ~~- ~ x- —~~r i~ l .~~pj - . .’.e s to l i i -  — i i  i p  - s i - i ,X t ‘a - - c (.1!, — 

t~. . A un i tu r - n : a~~~~’ n - . -i n i i , ev i de -n I  -.~~~- - v i -  4 — ~‘ Me - V , a ~ t i - s t  l ike l y d u i
t o  i i : t . - t i U i l  a r i d  . - x t c - r i ; a l  tj r e ! l t ~~ .t r a ~ : 1 ’ i x t ~ ~ rid i s  v c— r y d a ! f i c - u l t  t i  * h i . - I t  w i t b u i : l

t~~in ~~ I~: r 1I c-  m a s s e- .  - i t  ic-ad. The othe t a i  roun d component  a op e-a r s  to be
t r i l l  ~- l ~’ I r o n s s ~ t t . - r . - - : an t n t -  :: - ~ nc~t a s s t - i t i b l v  and ~ s m - - :~t r I , - !  ~ h i . -  in
: i , I ~‘,h - V  region a n c - v e  the ta -ta si .u - ct r iu n  c - i t - I — p o i nt . lii i’ s c - i  t n  i i- i~~u r e

t, We- rc -  t ak e n  w i t h  a t h r e  shoid in  t h e  i- T i . -  ~~~~ iut 1— ~ - c- i  1.15 keV - 1 b. uf le  r C.
-. ; - , - -. t r a  1c-r t h e  I .  ~ — 4 . 4  M t - V  p i ’ s - . t i u : :  ~ m P SI)  I .. re sh  - ‘ a n  i i -  i :~~- r ’ - 3. 7 , ‘a lt ! :
I : ’  Sm- - V — 1 0  r e ’ s u l t~ bei i i~, shuv.’l -  I - r  t i-i m r . - .  and ira a n t i — - c - i t - I d e ’  - W 1 t ’

~~~~~~~~~~~~~ i~ a hi 1,,, h e r  efle r 5y  , I s I t i t ! - . , a n t  t h e  1~ t I t —  I ‘~l n t - b U l l S  • ‘ ig  —~~~ - - ‘-i t-- c- I ! - ,

I - i n  lb.- a t  ~i — (  - - i l l - .  i c l i - ru  i- . The Id i  k .: ha i i ~~~i i i  i n - ’ -  a n t i — c o n i c i d ’  ?i- i-
Ira t~~ i t -  a t ~ r e cn i rn t  V . i t h  e a r li e r  r e s u lt s  , e : ,  - t i  51 c- i :, t - i lc ’~~~: ( n s  ac -C- —

s _- a l t - r e d I ront !~~~- • 1~~~~
’
~~ t o  It b i~ t h i - r i t . ’ r . - I l l -  : -  ~~~I M .  i bi~ - h t - r )  a t — - it

~t I  i - . i p - - r L t l I t  ~~~~~~~~~ _ - .- - —I  b a c i— ~~ r i i u t e i .  j i. ~, - •  - b .-  t - - t . ’ -i  t~~ ~ b ’ i i - ~ t~~~-\ ~
—
~~~i t i e - I

: - - r  ‘ )‘  v - i t  : :r .i .  ,t -- i a~~- d a t t c - r c - m  r U-c - n t t - . i n  : - l ~~u r es ~~ . t - t ~.i ~- , 7 ~ ‘0 V
t,~~~’ t t o I -

~~~~~_ 1 3 )  t~ i a T i  f u r  t h e  ‘ - e r .- r d . t _ 1  in  1 i~~- . e s  ~_ 4  - - i - - :  ~~ . ( ‘ ‘O ’’ V ( h -  n —
- I I . - .’ . ) ) ,  ai 4 th i s  a& - u u t i I~ . l u :  the c’. a k i n~ ’ . 1  t i i i -  l owest  p ,~~~i t i e - n  - t e n a l in

r i .~ ir,~ ~.6 .

I c e n e r g y  spec t r a  ii .  F i~~~ r e- 3. s h u~~ a broad peak  at .I t i t  S i’ \ ,

- the ’ appr ox iu - ia tc  p o si t i o n  c - t  t h . -  t - - - . s t  pr obable  ene r~~v loss . : h~- a ’~ ra e .
c::. r~ — t o  ~ i s a:  - - i t t  - - ‘-. ) 

~- - e- ~ :- r 1 , ‘ i) Q  ~~~: - t Si a t . ! I — .1 M ’ \ e -  - r c -n - .  - I hi-
- j u t -  I ’ ’  t b ,  l ar ~~.- - t n t c - - a r.t i - - r a~~~i : nc  in the  c’ l ,’-. I r o n  en c r ~~ e i - ’—~~

In t:: re : t i - f , * i i  i f l  —. . - , t i ’’n 3. ~._

k~~~i - c t r  i - I .  j- i t  t i _ s C  a l I t - r in g  - - U i ,  4 w - - r .  I n s t a l l e  i a s  sb -a t ; i J ~~ u~~, ‘ . 1 ,
at- : t ~~~t t - ~~fl sip.’ -. ra t c -  o t t  w i t h  I-~~t t  1. ‘- i ~ - - :- :p l e t e  T . c -~i i t i u t ;  t i -~~ I r d  a r c -

s --s - i  i r i  F i ,~u re  ~~. 
-
~~. C e M m ; p a r i s ’n -~v i ’h  I- i g i - . -  7 s~t~ -w s  t h a t  I L e - .af . , s u i

n i t  t i l e -  t h i  co u n ts  i t -  t i - ;c -  r , ’~~ i -  i t  : ‘i t . ,  s c - . r c’ • - l e c tr - c -n s , e x cep t  ~- . - i -  the

-~IL :t - t t j  an  t h . -  R u — R h — i ~~t I - -. ; t i - . i :  I sp i  t n - t m , w h i c h  c o r r e s : c - ’n d — I ’ -  a bat —
t i .  . - a t i - n . The hi~~h i - r t . i- r~~ - .u k~~r o - t t i d  is , h~~~- , ’ve- r , n , - r : t : - .  c— d -y  a ~a~~t - . - r

- l  .1 t 3 t q - c att ~ e- - - I  t ) - .- r edu t i -  t i~~~1 i ’ .. I ron -~~~ . e t t . - r ~ n~ i n the -  b l i a g n i t t ap.
t 1 - c - r . -  ~~~ h - ~.- t-~-i - r , -~ ; l l  ~n t - x ’ s* t , - I . t : - - ’ i - - in  t he 1 — I  Mi ’ -. r~en , : e  n t  a —

- 
,,.- ,- - - - -,~t , ,  *00 r i’ end  — - - : t  • ‘ f l C t 

~ - —

t h e  . 1 0i  ~~n .  - I . - t i ’ .., t i c r  v ~~. .‘ 
‘ i t  i n s t  - l l e - ~ t o  ; t i  t - i I . - v e  t b ’  f u l l  e n i i gur a~~~i:

I I , - -  r e  3. 1. Th~ ope c - - t  t h t -  ,~~)0 
~ r ’ ne t ect ’r w i t h  the be ta sources  and a

~~ ,) ~~r V  - - . h I d  a n -  - - b - - ’ ~ I: a r t  F ii i r e -  ~~. ~~~. T h e  - - ‘-a k o .r ’ - ~-et S5 h i - V  and is a
of c, )  b e V  t h r -  ._~~ ol d. T i , ‘: 1 1 . 1 1 : 1:1 a c - f l a r i n g  e n e r L ~ lo s*

I ,
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f u r  1-2 MeV e l e c t r o ns  is  about  70 k~-V , so the most probable ene rgy  loss

~z SS keV or s l i g h t l y less )  is s i g i a a t a c a n t i y l ower  than  the a v er age  e -n e r g y  l os s ,

I his is in ag reemen t  w i t h  calc ulat ions and the results found for  the 1 , 000 ~ni
t h i c k  PSI) I and is dj s cu ~ sed in more deta i l  in Section 3. 3.

Spec t r a  of PSI) 1 in  co inc idence  wi th  the 20O~~ -n detector  w i t h  a ~i0 h c - - V
t h r esh o l d  gave  ex t r e m e l y low counts , y ie ld ing  a reduct ion i i i  d et e cU o n  t l f i -  -

c aen c y iv more than two o rde rs  of magni tude .  To achieve good d e t e c t i o n
, - L l a - . l e - f l c  v ,  a t  was n t - c  i - s  sa ry to lower the ZOO ~m de tec tor  t hr e sho ld  to 15 k eV .

Th i s  ‘a a s  p a r t l y i n to  the p r ea m p l i f i e r  noise , but still yielded a s i gn i f i c a n t  i t t -

p rov ement  ira p e r t u r l t a a n c c n . The results  for  free  and coincidence operat ion
01 the  PSI) 1 ar e  show n in F i g u re 3 . 10 f o r  the R u - R h - lOb  beta source  and in
F i g u r e  . i i  b r  the  Sr - Y -9 0  beta source.  These t e s t s  were  made wi th  the ’

s i ’u r~ .- c-n d two d e t e - c t - . - r s  a t  a s t r a ig ht  line , with a small col l im a to r  in I ront
L I  t h e  i c - t e ~ t i r s . I he r e s u l t s  show that  coincidence ope ration e l im i n a t e s  l I w St

-i t h t -  h i gh  e n e rg y  p u ls e s  and  th e un i fo rm back g r o u n d in pos it ion .  Fo r th’-
s t r a i g h t  l ine  s e t -u p ,  the d e t e c t i o n  e f f i c i e n c y i s  r e d u ce d  by a b o u t  a f a c t o r  of

10 but the i - n e r g v  and posi t io n  spi ’~~t ra n a r r o w  signi f i c a n t l y .

I he - t r e e- and i c - i n c  i dence  m e a s u r e m e n t s  in  the -  m a g n e ti c e l e c t r o n  spec-

t r on i c t er  c c -n u i 1~u r a t i on  a re  show n in F i g u r e ’s 3. 12 and 3. 13 fo r  the two beta
s - i o n  t - s  ( c - ’ r l t p a n i -’Ofl w i t h  the PosItion 1 re s ults in Figure s 3 .6  and 3.8 show
t b.c t the- 4 - i - I i t i - . ’ r ;  c-I  the  200 ~&rn d e t e c t o r  reduces the detection e f f i c i e n c y fo r
I .  ~ - .1 M t - V  e l e c t r o n s  b y about a f a c to r  of 4 and coincidence ope ration by a-
n o th i - r  l a .  t r  c-I ‘ . The c-ye rai l  r educ t ion  i s  thus about a f a c t o r  of 10. Coin-
ca denc e -p i ’r a t i on  e l i min a t e s  most  of the spurious count s above the beta source
sad-point e n e r gy .  Th is  is pa r t i cu l a rl y shown by the strong re duc t ions  at
3 . - .4 M t - V  in  F i 5 ~u r e  L-12 and at 2 , 2 7  MeV an F igure  3, 13.

The c - - i ! :  ade ’ n c i -  r e su l t s  indicate that  much  of the back ground n e ar  the
)i’ t .i -. - - t r c i - e l i 0  p a n t  a s  d~t e- to b r e m s st r ah l u n g  gene rated in the a luminum

i ’le ~. t r o t  ~— i I i n i a t or . Sin k  e- coinc i dence  req~u re n t e n t  w i t h  the 200 ~na de tec t  r
e ’I i r n i na te s  t h i s  a ck ~~r ’ t i i d , mo st  c-i 1t i s  ~e ’ne - r a t e ’ d by e l e c t r o n s  an the -  . -n t r a n ce

pa rt  -i t h e -  c i . l l ~ r t ato r an I n - u t c-i t h e  .3fl1) ~~~ d i - t r c t - r . The c - i n -  a ’l . -n c e  r e —

& -1~u r ’ - n t e n t  t h u s  c l i m a t i c - t i - s  n i o st  - the ti ac k g r — -und , hut t i e - a i t s e  -t s c a t t e rin g

in  t h e ’ - a n i c i e t t i  ‘-  - i , - t i ’ c t o r , t h e  det e  t i - -n ‘ t t a ~ i a n  y i~ r ed o ,  i - i  b y a i , i t t t  a

l a~ t n  c -I  i i ) .

~~. 3 Ana l y s i s  -i  Spee-t  r e in e t, -  r R~- sp r i se

The ~ e’ -’m -t ry  I i - r  t h e  sp e c t ro me t e r r e s p o nse  c a l c u l a ti o n  is shown in

i - i ~~u r c  3. 14. Sam e t h e  ~r i r n i - t r a c  f a c to r  c a l c u l a t i o n  is  comp lex  and involve s

s - I n C  unce r t a i n t y ,  an a c t u a l  f l i g h t  sp ec t romete r m u s t  be c a l i b r a t e d  wi th  ‘-icc-

Ir on  L,eam s P or  the p r e s e n t  case , an approximate  calculat ion is su f f i c i en t
s i n c e  it i-c on ly  n e c e s s ar y  to see the e f fec t  of v a r i o u s  pa r ts  of the spect romete r

on the geometric f ac to r .

The basic geometr ic  fac to r  is defined by A 1
, A2 , 

and d , an i is given by

A 1 A 2/d
2 ( 3 .1)

24 
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The i n p u t  co l l i mat o r  s y st e m  admi ts  a beam of tota l a n g u l a r  width  given ap-
prox in iate l -. b~

11/A 1 ~/~;\
tan  — J ( 3 . 2)

o d

P r ou t  the c ~ l i i i i : a t - r exit a pe r tu r e  th e  PSI) h e i g ht  h subte nds an a ng le of ap-
p r o xi n a ate - 1

- 1 1  h
t a n  

~I, ~ r J (~~~
. 3)

5i t:~~e the  h e i g h t  h i s  abo it t 1 : -  sc- mi’  c-s ,, o t c i v  c - t o ut  ~ aII ci i  t h e - l i i i

- l a -~~t r - n ’-. w i l l  t i ’ ~t l s t r i k e -  the s - ! i s it i ~~- i~ p a r t  01 t h e  PSI) S - v t - n  t i i r  l c - r~~e- \‘c - I l i e - S

- 1  & . In the ’  r 
- 

: - - c - I :, , t he-  i- i -  no e le~ • t t’c -ui  I c - s  s bec a c- S c-  c-I  i c - c. t , i r a g  b y t h e
180 ‘ : e - n c i a t :  the~ r : , . t ~~ t : a ’ t i c  i i , 1 j  Thus~ t h e ’  c o l l c - c t a o n  I c - c  t o n  f o r  e l i - c  t r o n s
le.t~’ i u i g  A , c an tic w r i t t e n  ~t p p r o x i r n a t - l y as

F t F  - 
O .~ , ~~ 2 ~~

0 4 u ( 3 . 4 )

:) . s M  ~4 ci ‘ h u

whe N~ tht - depe ndence -  c-fl the  e l e c t r o n  c - r a e ’  r~~~v F i s  v i a  r 
- 

in  i n  ( . 3). F o r
a s t r i p  Lit  w i d t h  ~~x .ct  p o s i t i o n  x 2 r  , ,t n - :  t i r  t h e  i - I e ~ t r o n s  c-i a - t i e -  r g y  1,

the ’ count rate- is  t hen  app  r u x i r a - i a t e l -, 
C

F (E ) .~ x d J  (E)

2 ( d r ’ -
~~~~~~ —

~~~~ (~~~- ~ t

whe re d J  
- 

( E ) / d  F a s  t h e  i n~ ~ I i - n t  e ’l i - c t ron  f l i t e  in  e1~ (c n a ~~— s r —  ~
,- c. — M i - V ) .  1 - c r

t h e  te ’ -,t n~~a~~~ai e - t a s s e - I l :  ~ a::  i i - I t - c t  n u t s  c - : c - v a ’  a : L - t I Me- V , a t  i s  t ha t

_________________ ~~ • cc . )  M t - V/  - t -  • ( - 
-

-. r n ~ t he’ ~- a I u e - s - z _ ’\~ , . 1 -  • , t ’ r  t h e  t .  -~t t a : c - g n e  t a s s . - t i : : 1 v , the i e - s : d i f ig

c- i ~;~~E ~n . ’ — s r — ,\ t s - \ )  f o r  ~~x 1 cnn a n . -  ~i s t e ’ - j  ~n I c - i O -  ~~. I I - r  1
1 - - 1 0  Mi . te’ C i e ’ Ct r n , - _ t he  ~- a l i i e s a r . -  b r  .~J - ~‘s i e - V , ~~~~~~~~~~ I i - - t i - i

(~~~
. 6) .

The beta -~~- ,r ~ .- t e ’~~s w e r e  ton e  w i t h  t h , -  s o u r ce s  c - h o - i t  8 1/ -~ i n c h e s
( 2 1 .  5)  cm) f r o m  the A , a p e r t u r e . Th e -  S r — Y — ~~0 M o a n  ‘- w a s  no  ~,~~~ : r e - - 1 1 -  a

10 mCi , w i t h  a ie/  ~ an ”h da *me te  r - p r  r t u  r i . T a k i ng  accoun t  c-I th~- d i t l e -  r a - I Q c.
in ~ r a c r n a - t r y ,  th is  ~- ae 1:ls - i ,  s - t t e - c tj ve  sou rc e c t r i - t:~~ih  of 1. 1.~ x 10 el/  (c  t t —

ce- c. — ,~r ) to  t, r  used w i t h  t n -  u~~~E c i t  I .~ i c - i -  ~, I .  }- 1 r  the R u — R h — l 0 6  - i I i  ‘~ourc. a ,

t he  a c t i v i ty  wa~ t n a - e s u r e d  I -  c- .~~. S n a c .~i , w i th  s o u r ce -  ~laa r t -a e t e r  c -i t  3/ l t ~ an -
g1v in ~ an . ‘ tf r i  t i v e ’  s i n a r c e  s t r a - n g t h  of ~,. 80 ‘- 10 el/ ( c r n ’ — se - c — s r ) .

r e- u t c . ’ a s a a r e m . nt  rn adc a n  the  a i r  requi re an add i t iona l c. c~ n c i 0 t-  r t t t i  - n

f o r  ‘ - l a - c t  r c -n  mul tip le  s, i t t .-  r i  i L - E A t -  t r -ii m u l t i  pie’ s c a t te  r i n c  and the r e - c u i t i r : c

3 ci 

— - - - - • --‘ — — ---—al
—

4 —

_____
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FA b LE  3. 1

I - i c  1- c -~ - t~~e r ~ t~~•r  l e s t  N1.IL ~ti e ’ t  A - - . - n~~~- i ’ ~

*
i- - i l  x — 2 n 1- ( F . )  ( I .~i i .  (.~iX 1 crat )

Em- r~ ~ n - )  ( c l i  

ci  
= 

~ 
1

~\ t e ’V )  ( C I t i  — 5 t ~~~~~\ ii \ )

1 1. -; 11. -~~ 0 . 5 0  k 37 ~ 1u 4

- 4
2 4 . 2 c I l  0. -t. 4. ~0 ~~ 10

5. ~ ~‘ . 
)2 0 . II -

~~ 1 1  x 10

-~ 7 ~~~. ~~ ci . 22  2 . c ~ 10
1

3 . 1 7  1 1 - 1 , 0 ;  x

0 I L O  2 . b5 ) . I i -  1. ~2 10
_ i

7 1 2 1  2 . 3  • 0. 1- ;  1 .5 0  x 10

I ~
_ 

~ 2 .  I t  1 ’  1. -I c) x 10

1. 11 :1 1]  1. ]-s x J O
4

17 .0  1 . 72  . 1 0  1. 07 ~ 10

* a r c - : - -  r s  I - - n  .-\ A , 
- - 0. ~l 7  - ‘n~ - 1 — 7, - - n . , ii

i- or  .~~x I v i i . . .~~~~F 0. c ‘ 1 u u  - t i c - a r i c .  c - - u s t , c o t  :or  I — I c i  ~~~ V .

t n ,  t i n c - I ; ; rc -d~ _ i l  l i s t r a : -  ‘ i f l s  a:- t :  
~
_ ;  1 1 -  I-to I . 3. I , ; .  — I c - I . I or

, 1 e - c t r r : ’~ p~ to  t r a ’ :n~~ 
- -  

- i o - s s  ~(g cna ~ 
- - i  i - - c t ’  r i al  / , A I ’ i ~ — - i i i c  i — ; i : ~ • r

a ::-:  w . -~~~h t t , t .  p r c i - . c . : a i : t v  i i ~~1 : - - - 1 :  u ; .1 g l . -  i s

I - H ” (t .>
( H ) d 4  ‘ - - ‘f l-  H ~ce (~~ 

7)

‘I~~~~~~ 
O. 1 5 7 / ~~/ - l I t  1 . 1 3  x l0~ .- 

‘
‘ I

v)  \ ( v / C)
1 

A

- - i t  V . 1 -  a n  - v , - 1 i t , c ~~ a - c . .  l o c :t c .  -~~~ ~~~~~ . i t;~ p t - a l  - I r  - i  zn — r n .  i i —

t a i r : ,  —~r i t h  : v ~ a n  ~- t e’ ’c . t c t S r a l  i t  - :  - -  • : :‘  I d i - - t  r a  - •~~ en ; e : I -  r tr .1s’ c - l a l — .L \

c- • “ t i  c ;t a i i - --. a t g/  tci ’ - (  roat e r i - - ’- , a .

r , y )  ‘In -
- r4r  - , - 3  r~~/ V 

2
> ~

I
t (3. 1)

w h e - n . < a ~
” > , s  ca lc al ’ ’ b r  t w i :  ( 3 . s ) .

3 1
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The above di st  r i bu t ion s  m u st  bt- u sed twic e - , onc e’ i or  the ’ p c - I ) . 1 r i o t -.

the  beta sounc - to A , c-nd o n ce ’ f ro m  A , to the PSI). ,For  t h -  fi t -st p a t t i ,

the p a ra m et e  r —  ~ 2 1 .  ‘~9 c l i i , t - 
‘-‘0 . 02 5 9  g/ c u u i ~~~, . . tid  R O % 1 ~ c in ,

The results  i c . u r  (cr’> arid 1’(n � R) a r c  g ive -I a  an  T a b l e  ~. 2 , whe r e  I ’ (r  ~ R) I s

obtained fr o t t i  i r i t t ’ g r a uo n  c c i  ‘.. 9) and as

- 3 R /  KH 
2

>l ( r  < It ) 1 — a -  
- 

( ~~_ 10)

I-’or th e  , .e-c --1 I n i t :, t o , - c - l u  u lat iun  iS  ~~u - t ~~~~~w ) c - t  .‘ . - I  i c ‘ I t t ~~t e ~~ - C  L c - t i i  t O

t r r s t  or d e r  th e ’  sp r c ’a - i  in  ft.  r p l an . -  c an  f c ’  n e - g l s - c t c - d , .0- c i L ’ t h - - .  ( l e i -

t rons  -L c t t . -  r e -0  t h t ~ p o c z ’o- , t 0 I  h e - v - i . : . h / 2  a l - i 1 - t _ f l - a s  c . i c- c- c. —

~ r - ~~t t : ; a t t - d b -  t e ~~ ir ~~ to ~
- c - - ; - c - r e -  r i - I - - I  ( - . 10) , - t ) 1 I t t i T i ~ to, i u - c- • l c - n  d a s t r i —

‘ t h o r;  in  ha l t , ~~~- - t : ; L  t h t s  ~~i \ ’  ; . r - - - • u b a l i t o  s r . t i ; g i ! -  I r - ! : .  1 , ~7 c - t  1 . 5  ~-~~ -

t o  - _ a t  _ 0 ‘
~~~t- c. , a t  t on -v  a : ’  ~ t c . , -n  an  ft. ~c -s t c - l u a n  t 1 : ! .  ~~ _ 2 .

- - I  p - - i t i . :  S t a c  t r a  ~r~- i ; c . - , i t ,  d t o  i n -  t i e - i t  f t.”  - ‘

- - _~~~~~

‘
:~~~‘ - 2 ~~~~ 2~~

’1  ~~LXit~~J~~~t . L i i l i t ’ Ij 
-~~~ 

~ 1 1 )
F 

- 

( m/ • -h
~~ LT LU :.  F. ( I o n  < 0 , 1 ~ ) I

~

, i-  i s  t o ’ :  i ron .  l abi , - ~~. I , P a ; - ;  P t n - - :  u c - t i l e -  t . , - , a nd ( c l f l / L h )
- •  : - d 1 - 

- - ; t  ‘ : . 1  ) r .  t o r - e- ~~ - -
~~ sp c - c - a :  - q - e t - - :  - - the ’

-~~c c t n c -  in I t , , i ’  3. ’ h i ’. . ( i t ,  c 1:) 0 , 0’ ~. . 1 - 1  (_ ~,‘1 \ C i t  st - .cuf lc f t- , ~e 

t i n  - - 
N A ’ ’  c - t V - i  ‘ , t u , 

, , 
~-i i i -  I , . !. i~_ 3, 1. I an - a s ; : ’  - -

t r . .  a r c -  c u u r L i~— t : e - - i ’ .- i t h ,  c . . i l c ; : 1 , u t .  
~~

‘t ’’ e t ; ~~~, l u a — e - - ;  1 0-  t h u  S r _ \ — ~~ ! , j i ; ( j
P - 1 — } ~h~ l i l t  sp .- . : - ~~1 \ e I -  i t  l-t ~ - i _ ~~_ I , Cot , ’.i l , r a i c 1 ; ,  • c I ? l ) n c \ i r l a t . t t s _ ’ i

c - u n : , c t i O n S  :11 ,. t . - , t .~~
- f - . .  n c - - i- . t is  — - t  ~ . - - 2 _ 1~~~ - i i ; _ - a n  ( : : . e - -~ ’ u - I r .  c a l —

: - - r  R c — i - - h -  c t  a t  _~ . 7 - ‘— t i - - ’ i - c- -. - : c - r -  I i  - ‘  11 1 : • ~~g : - - ¶ c  ‘- i

i~ ,i~~- b , - I - ,c e ’ . I; I t -  t i :- ‘ c- r d  -c- - - r : - , n w  : r a ,.~~: i s  ( -c- . t ,  a r ’ , I , ~ c-n d

~
, 

‘ - ) ,  ~ :i • 1 .  c m -  - . l a r  p a t h  I i c- ’ ; c t :- ’ - n ’ ~ 
i . ‘, : - c - ’c. .n ui-n i . - ~~~ - -~ t I - i  a - - t a s  - t i 1

r . tbo , i 2 . ~~~ ~- :. -  - (s ‘ i ’ a ,~~;~~’- ‘ . 7 ) ,  t A~~~~: c a L m  u t ’  i t  -c. - 1 I  : . - t-~~~~~- E - c t .  - r
— • - ~, ~~~c’ ‘~ . - - .- - I r o t s  • t : ; -  ,- - . n - I - s  c u t  t h i s  et  , -  r~~ ‘, an  . , : i ’ : • it - - -, - . -

s o ur ~~’s  U s-  : )  i . e  a . ’ -  an  j :  • a s  i ’  i / c - u i -  - ; ; c - l ’ - t o t ’  b~~t _ ~ M Ot1 I~~ e’ rid —

p - : t . t  - - i c  r ,-~ - . i n i  t h e ’  • -s-~~s ’  i: I -  u t  ~ o t ; t t t ~ t - t O  ‘ ‘ a ~~.t a l - . d o -  I -  l i i - . f l u —

~~-.t r . ih - t n c  t n t , ) -~~ r -  . 1 - t .u i ; -  p O 4 M l t - ’ ’ — n ’  0: t n a - -~~t : - fl t i - - :  - 1 ’ . - ,— c a ~~ n . t r - l a - ~~ —

‘ n - I s ,  TIn i n” a ~~ r ’-  : s p c t i r -  i t -  I’ i u U n e  3 e  t -~~~~ 
- - - .~ g i -  ci a g r u  . ‘  : t  w i l l ;

to: ,m t  C c - i -  :~~~c - t . - ’ l  I - - r t : ,~ . t -  s o u r -  e - ~~ H . t s c  an  a r a u i c . r t a n t  c - . I - . t - g r  a i d  • . t  ha ~~~. . r

i - n a  r t a - S  —

The ’ a d d i t a  - : -  - t  t~~~~’ i t ; I .~~~~~
., -  c - t t a - n a r ~ . . 1 : 1 ,  -

~ h - i ’ - t : j ~ a r i  ; r a . - r  • I m - ~~I , n  t h ~
s t - c - t i n - i  t - . t d s r ’ - - : - n ’- the  h i 5 h ’- r •~~~ . - r ~~~c.- b a c k a~ r - - ay uj  - — ., ,n ’ - I - - i l — ,

as ~~~~ an  F i .  • n c -  — 8 _  i ’  d i p  i t  tor  H — R h 1 .~~)r ’ u t t ~ fl , e i c e  c t - f l  I c - t n

~~ e- ’ I~~~ .i c  c e - i - t  ; c - t ’  ~~- :  • c .c . c t  - U  ,5 a - ’  t c \ ~ a ~~: . . , W hi c h  c- i ’ . ~~~ ‘ c . t , I ) ? t I I  ~~~~~~~~~~~

r u n — s c  a t t i ’ r i - - I  - - : ~~
- - i : :  s , a i l s t - -  t h e ’  rc •i~~n a c t ; -  l i t - I d  1:p ~ l 1 t - c . t a t  - _ 75 ~~~i - \  -

It is  exp ec ted  t h a t  a I i i  g ht  c m i  t i ;  ~: an’ t as ser-ubly, wh a  4 would i - - - t b c - v a -  t h e

t .e t W t - C T  t h e  r i :a ~~net  ro~ s ( ..r r  ~
-ie- l ion 4 ) , would h - c ’ . - r  a :-~ 1-c - - . I ~~~~ t 

n t - t i c  f i e l d  and t h c a ’ u  not ~~
)-i - ’-’. s i g n i fi c an t  n - - z — c . a I - a t - - r i :  t t t ’ s  an  s p e c t r a l  r e S ~

) itt ic. e

A ny  n o n —  u r i i f o r ;n i t a r  s t h a t  ren ain  v.’a 11 , h ow e v e r , n i t  I - ’ -  a r t  p u  - r t a n l  Sl i R  ‘ the

‘ I  
_ _ _ _ _ _ _ _

— .~ 

- - ‘ 
~
‘ — - -

— - - ---   -
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T A B L E  3. 2

El ectron Trans mi ssion af te r  Multiple Scattering in
Air -

— 2 a  b -

F 1 - , t r on  (v/c) (p v ) ” <~ > P(r SO. 3 18) P (h) ’
F zi , - r ~~ ( M r V )  ( ra d i ans) ” = v”i~~~�0. 35 )
( M e \ )  

- —

1. 5 0, 9 3 - 4  3.~~ 3-~ 0. 0 2 u h 7  0 .02 3 9  0.970

2 . 0  -j , 
- -
~~

- - - ,-~~~~
, - , 794 0 .0  i t -  34 0. 03 ’~~) 0. c-

i, 0 ii . ~~~i5 5 1 1 . ~i I L l  0 .00  ~ - 0 ,0  7 t--i I ci , 888

~ ,0  O~ -fl,; I-i~~ s - - t , 0 0 3 1 5  1 . i s 7  0. 770

‘~ C a L -u i a i e ’ : i  i - n  -
. ‘~~~2 ’~ ‘ / f l

2 
et  •~i r  ( Z  7 2 2 , A 14 , 4 ) ~ E 1. (3.~~~)

b 
(~~~t

’ 
~~ a t e - : i  I - - n < ~~~) a r c - i  ‘, 2 1 .  ~- - ( i - , .  3 .  f i t .

C t ! 1  - . c - i t  i t ;  l u !  c- -t a t !;  , -~~n t h  -: W r , w 1 i i K a > ‘ . c - r c . t r :~ . e a t h  t~~a s  z . c - t h  leng th .
:~.

-
~~

- t e’Xt _

I A - L i -  - -

- r i - t i a r a s — r i  ,~~ ‘1’ c - s i r .  I .o:-; (2 alc  i~ i c - t . - I  I s ’ t , t  t’,- - c - r -c-e

- t ra

I *
- - 

ii - ( F . ) -  t x - t i ;  u !  ( -  i t :  — s ’-  — S :  —
a . a t ~~ I: fl

For r~ ~~r - Y  - -m ci Ru -  R b -  1 - ) ’  ___________
(‘.1e V) c. . . t 1 c  t i c - t i - - I  Y’, l e c - t s a r e ’ i j \ I c - .t s ; r e  - i  c • i l .  u j . i t e - - 1  Me ’~t s a i . -- t  ( Measured
__________ _j•

’.’ ) _Ji t 4~~~~~~~~C ) ~~~~ L,da c i t a  to’ f tc  ~( .j (t ij~ 
-i ) \Calculated

1. 7 ~~- 1 7 . ’  2 .4 1 - c  Ø 7 l  l _ 2 O ’ c  1. Z 7~~~t- 1 .Ob

2 , 00 1. 2 3 • c -  1 , SI  • t 1 .2 3  1, 0 1 a ’ —  1, 01 • c  1.00
2 . 2  0. )’) 4. ~4 5 ———— .s~ 12 5 6. 40 ~‘ 0. 7~

l t .ci-  + ~ - - - -  - , ~‘r ‘ 5 4 .~~3 5 0. 74

2 . 75 3 . 42 + S I . 3 t  5 0,~~~~~O

~~ L O O  1. c - c -  ~ 5 L t 3  • 0.84

3. 25 5. b 0 + i, L 1 4~~~5 2 .0 4

3.50 0 .00 7 . 07 ~ 4

* 3 . 4 7  + 6 3 . 4 7  x 10 6, etc .

33

— — 5—

-- - - - - -- - - — 
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l l a ~~.~’.t tou t w o - ; .l be ’ ~. a l i c . n c - t e l a :  ne - i l l - , W i t h  ~- I . - ~ t r ’ onS I r i t : ;  ; .o a c c ’ e l e r at  r .

i~~:t- e le ’ s ( n c - i :  , - : . . - r ~~v l~~~~s 5~~e - c t r a  in t h . -  1 , 000 ~na t h i c k PSI) c - n e -  shown
i n Fa ~- u na - ‘ . 7 c - t ; j 5 t ow  - u . -c -k i - . - a r  27~- 1 e V . I- i. c . r  1.1. to  4 . 4  Me ’V , us ing  the
st  ; t i t  p -~~ 

, - r s - ‘~~~- a : ’  R c t  - . — !. e !~~‘ I : o i,  s -‘ u o u l d  - . - - - -. t ’_ .0: av .- ra ~ .- e - i t t  1- -- 
—

- -i 3b0 ~ e - \  . i r o r : t i ~~e - : . 3. 1 , p . — I t . ’ , i t  a~~ f - . ’urid t o t a l  1 - 1 -  r e - 1 . i U v a s t i c

‘- i t ’ -. h r - I t s  t he  i : : ’ s t  t n . - : ,, 1~~~
- .- i - ,. -  -

‘ i i -  c c - t :  i i  u~ r i t t e ’ fl c - s
; 1 ; , .. 

~~~~

‘ 
i~ -

} 
‘

~ 
‘~~- ( - ~~- ; - 

~~ 
- - K (3. 12)

:‘ (i ~- i (  /

.1. ~: e -  re
Ø~~ 

i ) ) (  -

‘
-. 

~ 
~~~~~‘ t 3 .  13)

an -  the e - i e - - t r  t -  i- c ~~~I ~~, , 
~~s i i  , $ V / i .  t o t , -  a - t o - i- I  r i — r i  c. - a t v  d i —

- - t h e -  ‘. ,- !  - ‘ i t - , - l  i ;~ : , I is  
~~~ 

,e ’. e r - ~~~’ , - ‘ . ‘ i :  : - - t . - t . t ’ _ - t i n  e ’ V )  - - 1
t i - . t t . ’ r i , t . ~~~, A , - - t  t h i c . ’r e ’ s~ ! . - I : . ) ,  t i, K~~ 0 . 3 55  i s  c- - - i - s I , , i t t , 1 n l , O00~~~n

1 ‘i : ( 1  !; , A — 2 s .08 , 0 . 2 3 3  g / c - z n  - a t - I l ~. t o V  . - : . t r - i .~ t h i s  gi~~ c - s

I- (2 \ t c  ‘. .- 2 7 t )  ~ ( 1 , 14)

i s  t o  c tc-~~ . c -  . i4 i r ’  e - t  c - i - t  w i a ’~ to’. . - : ; :e ’ . t s :a r . -n ; ’ - t : t - - , A s  a i r .  - i t ,  :: - . - i ;t ;on e e i
. ; i - ~~

- a s Si i  1 - r i - s . -i t :  ~, ‘ii ( . e’ c t a r ; 3 _ I t , t !u ; e  r n s — ’ :- - i ! ; i : , t . g - a u  —

4~ r ’ur i I - 1 : - t i - c - r i —  t -  h a v e -  a i i i ,  c- r c ’.- - r- m _ .- .- r - c - r ,~ v t h o -  t h e  t i  i- c c - t  , - i e . t  i- - o s , so

a 100 — 150 r e \  ( h : -  s’ . - ~, , cc - - l l - i - - ,c. t h e - 2 7 -  ,- e - \’ 
~~

‘ - u
~~~

, _ _ a ’ . e  s th ~ 1 . — i  ~ 1 c . i l , , l

f l - i - - - . -  r - c t i - - _ A t ’ - r .- ,e — . :  - r u - c ’. l O t )  ~~
, \  w a l l  t~ - t  t . r t h e ’ r : t ; ; - r - ’ . - .- t h i s  n c - t i .

~~‘c e- - -1 - i  t h : i : r ;, r I —.)  w - -; ~ - I , !a ” a .- v ’ - r , r e  - p t a  r -  a I -’.’. r t o t ; .  sh o l d  ar - i ’ ;  a n t  r i  c - c
n r i O n e -  r : - - ; - - a -  in  n . , p o s i t : -  I: s i~~~i , u .  c - I c  , , i t :  :.. Tn ,  ;;~~~‘.k ,— , ;r a d e~ 1 i u  t r u - r. ‘- n . - r~~’.
loss 1 a — t  r i -  , t - _ - - re c - i s . in  :- , - . . - , c - t t . ~ - - l , - a~- r . - . - ru a - : . t  w ’, t t : t t 1, .. c - h  iatoi t i - i ; . - - :

R- ’i . 3 . ~~.

I ~- . -  i u o . c i - r : t :~~- a r a l i : ’n  - ;  - a -  a 2 O c ~ ~~a t :  Si I t . -  t -  in  the  e n t r a n c e -  t o l l i —
i n c - t n t . ’ r i r - - v a ’ I e -  a c.-

~~’i n  i e t o - i i c  e 5 1 , 0 -t i , i ! -
~~~’ c- -c- .- r .i~~e’ ‘- , te- r~~ lo ss f o r  ~. a to

4 4  MeV c - l a - c l  i- - i - -c. i s  a t - - a t  ~1 ‘-\  ( i  n - r n  d a ta  n .  Ref .  3 . 3) , wh a l e  the  i nu n i t
p r c r u a : - I e ’ a - i . . n~~~ l u ~~~~s I n - n .  ( 3 ,  12 ,  i s  ;~~~ ~~~i 

-
‘ . I- :. ‘ n , : , I s~ . 1-n e a s ur em e  O h s  w t h

a ~~0 ‘~ c- V to : n ’ i - h - i l ~ h-  -w t he  i t t ,  - p - - - ,m t i e  t i e -  r ~ v l ’ s  s 11 ’ t ie a bou t  ~‘Q 1 e’ V or

~.- -- -c. (F i~~:ar r  n 9) and a r c - t hu s  an c-~~~~r u - , - : - . e - - t  w i t ! :  c . a l c  : a l a t m - n s . Actua l c O l i c . —

i d - rca ’  I ; t - - , i S - , r ’  : t c - i ; t ~~ with  the I i )  
~~~~~~ - i  1 5 1)  d e t c u  t o n s  ‘-h e i w e ’~ i n c - I  a 1~ k eV

t h r e s h - - i d  c~~n the  200 ~~r : . d e te i t o r  u s  n e c e s s a r— , I -  ~~i - c c -  a r r ; i s o r - i c - b l e -  i I , - t i - . l i o n
‘ - t i n  :‘- i . ~ . _ i- - n  t h e  s t r ai gh t  l in e  a r r c - n~~enn en t , to - .- ii .m x i n - i i i ;  L u i l l i ,  i 1 i ( ’ f l c(

d, ’t ’’ , t - a u t  c - l i a c : e n c  v a s  l v  c - h ’ a t  I O”c and i s  d o -  to t h e  n ; n l t i p i i -  i - u  c - t i e - r a n g  c-I
r -  -n ~ a n  to:. ’ I ) .) ~ n .  d e t e c t o r .  I h i -  m u l t i p le  s c a t t e r in g  a n  t h e -  ZOO ~~m d e —

te n to r  sp r e a d s  the  e lect  ron nc ,u i fl so t h a t  oni v a h u ’ i a t  1 0- of t ho sc ’ p r o d u c i n g
, 4 r ~~e’ p - a l - c e’ :. p a - c s  t! - c. r -  ;4 ~~t the  c o l l im a t o r  an  t r -r.~ . , t  t h . -  PSI).

T~~~~~~,’ u c i  t h e  2 - ) 0~~~ia e I r t . - c. t n  in  f t c  ma~ t a t  ., - -~~c - n . ’ i1~~, w i t h t o e -  c . i n ; ; ’ l ’ - t a
rt~~up as s h u . a n  i n  F i g u r e  . 1 , g i v e s  the  r e -  . i t s  s I- ow n  in I- a g u a r e s 3. 12 a i t c i

3 . 1  ~~. A r ’ n a g b c,i~~ n l , , t : . n  of the : - t ; ! I a p l e ’ s’. , I t e  1 1 0 h, i’ l l ,  - t u i  1 1 :, 200 _ i : .

h e ’ , t u , t  g~ vc’ s a r e d - c - c i a - a :  of a t out  a f a c t o r  - t  1 ) . i h e -  m e , i s e a r ’e - - I  r e duc t i on  is

I —~~~~ 
—---

~~~~~~~ 
— -  - - — -— — ~~~~~~~ ——- -•- 

—--~~--- -~~~_~~~--- -~~- ~~ _ - -
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about a f a 5  t o r  of 4 t or  no coincide nce and an additiona l f a c t o r  of 3 with coin-
cidenc e . The f a c t o r  uI 4 is considered reasonable agreement  with the cal-
u u 1 c - t e - .i 10 , s ince’  the comp lete  s c a t t e r i n g  e f fec t  is d i f f i cul t to calculate 1w -

ca :n .e ’ th e  ~O0 j-u 1 de tector  ‘. i . i i t t er i ng  ad.l s on to the  a i r  sc a t t e r i n g . The fa c to r
-i  co inc ide - r ice- r e - u l u c  t i on  is  less  than  the f a c t o r  c-i 10 f o r  the s t r a igh t  l in e

~ e- c - t i c - - h  r v  , The c ’i rac _  id .’~ac e re- d uc t i - i n  r ’s u, l t ii I ron the  cor re la tion  b e ’ t w e u -  i t

a n gu l a r  a t t e ’r in g  and e - r . e ’ r g v  l o s M . Ele c I n - - r u s  l o s e -  ene r g y  b y s c a th e - r i ng ,

~o t h o se ’ e ’ l e - c t r u - r ; t .  whi~~h go t h r - - a ~ h t he 200 ~~~~~~
- 1t’t ~~, t c - r  o t h . •  s t r a i g h t e s t

paths , . i i c n l  b c - r u ’ .  e , ar e  most  like l  ~ t u  r r c -  ‘ .h  the ’ }‘SI) • a l s o a re i t  -. t ’I  tO  h a v e
( ha-  iowe’st e - r l e ’n i ~) lo~~sc ’s i t :  the ~o0 ~ na  dc- i c ’, b r .

l b. - net  r e - s u i t  c - I  a i l i ng the- t - i t t u  a t l e n e j e ’ t e ’ c t - u r  15 ( i t  r e d u c e’ t h e ’  g e - o —
::, . - t n a  t a  h o r s t u ’ .  n e ar I~ - a n e 5 t ’ - t  - - 1  i t . It . t i s ’ -  re’ ~uces  the !a:~~!u i ’ r  e n  r~-
na~ k g: -  - -

~~~c.t t - ~ : r , u r . - h l t , t i i  o r : j e - r  - c i  : i u . e , ’ rua tuc . I e ’  c -nd  so i m p r o ve- s the .-.u 5 na 1,’
t a - ci s c  n _ i ’ ; - - . r he ’ spe ’ct i t o  I t .  u i ’ - ~~ . I I  and  ~ . ~~~ sh  .w s a g i i i i : c  . i t t t l i  a r t ; —

p r - v . ’ - :  i e ’ h ~t v a ~
) n .a t I t : . -  ~, . ‘ta c n d — p c . u n t  e n e r g i e s .

A p a r t - - n f l - - ! c . i c - : a .  c - ¼ c r , r s  w a :  t i e  low e n ,  :-~~~
-, t h r e - s h , u i : ( 1 5  - ,  V )  re’ —

~~~~ red t o n  to: .- 2 0 - . ) a~~ ai d. - t . - I -j r . I n s  :~~ . iL-  a t  t h .  I i r t : : t  of w h a t  ta  t i c  t u  !~~ ‘-

‘ . ‘ . i t ! :  p r  ‘‘ - - oh  r - o ’ r : . — t e ’ i n : - ’  r at n a -  ‘ n  ‘ : i . ; l : t i ’ - r s , U t - c - - I  a t !- c. i 1 -e t -  - : ,

a u - - t l i i~ ,u —o ’ t o - i. ’. t h r ’ - s ! i i - l - i , I - i t  t t  .. _ i  a l s o  inc _ i ’  . - —- ‘ ‘  ‘ :  c.: l t ’ : ’ I .  ~ t i

u - i l -  ‘ — ;  to - ‘r c - i or’ .- , i t -  a n .  r e - a s ’ -  a n t - h -  - t a - i  t h e a ,  n v  3 s  liI lv  ‘ : c  s t a ’ 1

u. k - I -  t - n - t - . r  15 ~~. a : t ’ - p r  - ab i , ; - - i t  t o :.  - t t f l UJ F1 t h i ’ . i -. i - . - ~~ s .

P1,. ~~~ t h  2 J - ~~ - — -rn - t o  t c - ~~~’ a l i , - , t i e i -  t - t h e -  - n a i l ) - ., ’ a • \ t ’- i~~~i V t ’ . t  ~~A .

i i :  : ,
~~ _ n. — . 1 4 )  ‘ . - - I . I  inc n e - c - S e- - - ‘ c - l : a , : a e  i .  v i- : : a .  ‘. h .c t  ~~~ i . s e’ c i t  . _ i - c - t a~~

h u e  . s l T c . ~, i t t  - I’ 
- 

t n . i i e  .~ ~~i t  i— . 1 - _ a ,  Oh - n t o n r ’ c t t . - r .  -
~~ 

-‘ 5 . i t ; .  t a : , ,

n.a.’ ’’u.l d i i ’ - a r u ~ n i ’~t ’-. . t I . I :  o n : - ,  r ci c — l i - , t n c . - i a  s t : :~~ r t ig  t ! a e -  f l u c - i 0 e - t  
~~

‘ -  to-s  t i r t

so l O c  re ’ .c’-e ’ i 1- 1,’r  - t a r t  I : - - r n . - : : . s s t .- ,c . t i : a : . an d  .‘. C t t ’ i a  r e - r i  c i ,  C i i  i t S , I !u:~~
w .id t h u s  t a - -i . - I a 1 . . - I ,  - I n c .  r . - . c . s e -  t h e  s ii i t , l i  - r i - u s e ’  r , t t : c -  I c .  r - a ’ t c  e t i u g  h u g !c
C l u e ’  r ,~ a ’ s et.  I r i i i -  in  I : , -  p r e - se in . - ot 1, -w u - t i e -  r - ‘~ e i i ’~ t r i — o s .

The t a t : : , : ‘ :~_ t : r a t : - . i a , i - i g : : r e ’  3 . 1 4 , a s  t h u s  r i - u . . . ’  t .  t h e  -e’ -— t c c . ’n1~~~t a r -

at: c . : :  i - n  t h e ’ ‘ l a g n c - r : &  F l a n  h r , - i i  Sp e-  t r o m e t e - r ,  W i t h  add i tiona l le;~ I s h a e ’ h i i i u g
h u n  r.’ :i a u n - - n :  - b r . :: - - t r a I t l c . a r - i,_ bat e- c_ r o u n d , and  a possibl e  t,~~ r n I : l 1 c - t  - r  t .  -
h i ’ ; I t n ’  j ’51 ) 

~~~ , t h ~ i- ~s to: .- t i i t . t o  1. c - a c _ n u - n ; a ~~~t a r . i t z i r t  on w h i t  h the  ~- t ’ - 1a ’ : ,~ —
na r y l 1 : ~~ h t  -t i n t c1e t i i~~t i is ~ t s e ’ d .

4, i 1 ~ F i A M I N A R Y  to };SIGN OF A F LiGHT ,:.‘sl I MAGNETIC  ELEC i i(ON
S }>F (  :TRO M E T FR

1 he r e - c u l t s  an  Se’ u U on  3 al low a p r e l i m i n a r y  d e s i g n  f o r  a f l ig ht uni t niag-
net ic t ’ l c - & t r i m  c. pe’ u t r ’ - i n e t e r  to be made . The p roper t ie s  of t h i s  f l ight  uni t can
hr spe ’ . r f i e ’ - t  w i t h  r e a s - .,nable c - u  u. n i r a c y .  The f l i g ht uni t m a g n e t  a r r a n g e men t  as
s i-n -wi : an  ! l c _ , ’~ ’- 4 , 1. i h e  ‘ i r s i g a  n - cc- s t h e  - - c - me’ i r o n  yoke desi gn as the t es t
i i , a g i ; e - t  c- :~- si’n hI~~~- : t  c - S i-’5 ‘Ic-rio- ’ ex t ra r iaa ., n i - t s  to improv e the mea surem ent at
10 ~, ! - \ . The de ’a i~z v .  c - -’e - - ’ 1 9  — 1 1 / I c c .  x I 1/ I t .  x I ,’Z  inch , 3 — 1 1/ l b  x 1/2  X

1/2 , and I - I / I  x i/ I  x 1 ‘2  i nch  m a g n e t s  on e a c h  p late . The magnet s are
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selected f rom a larger nui-nbe r on the basis of magnet field measurements
to produc e a more uniform field . The largest magnets have a tab ground
off on one corne r to all ow the use of holdin g screw s during and afte r assem-
bly. Elimination of the screw gaps (Fi gure 2 . 2)  should , in combination with
magnet selection , allow the magnet assembl y to have an average field in the
gap of 4. 50 ÷ 0. 15 k g, a + 3~

’o u n i fo r m i ty .

The paths of 1 to 10 MeV electrons in the magnet gap a re  show n in Fi g-
ure 4 . 2 .  There as s u f fic ien t  edge f ield to allow magnetic focus ing  even for
the 10 MeV e lec t rons .  Wi th  the f ie ld  uni form to + ~~~ devi a tions f rom the
paths in F igure  4. .1 should not be si g n i f ic a n t  at  the pe r fo rmance  level . The
e ff e cL  of f r ing ing f i e l d s  w i l l  cause  s l ig ht changes  in the curved and s t ra i ght
paths at the’ magnet  pole e-d ges but  should have onl y a small e f f e c t  on the e’iu t
positions fo r  1 to 10 MeV e lec t rons ,

The comple te  e n t r a n c e  co l l ima to r, d e t e c t o r , a nd baffle design is shown in
F i g ure  4. . The i- nt ran ce ’ c o l l i m a t o r  contains a f r o n t  magne t  assembl y to
shie’ ld the ’ coincidenc e’ d e t e c tor  r rota - i  e l ec t rons  below 100 - 200 keV and so
avoid p i l e - u p  p r o b l e m s  f rom  l a r g e ’  i luxes  of low e ner g y  e l e c t r o n s.  The
ent rance- co l l imator  is made’ I rum a lum inum to reduc e b r e -m s st r a h l un g  prod-
uc t ion . The 200 t’e-zn surface  5 ar r i e r  d et e c t o r  has a thin a l u m i n u m  fo i l  l igh t
shie ld , w h i c h  add s neg l i g i b l y  to the e ’ I e ’ c t r o n  sc a t t er i n g  of the de tec to r  i t se l f .

The d e t e c t o r  at the magne t ex i t  lane  is des igned  to be a s t r i p surface ’
ba r r i e r dete t -to r , 1 , 000 si-n t h i c k , and s e g m e n t e d  into 12 individual  rectan-
gular  de t ec to r s,  The d e t e c t o r  s t r i p need not be a s ing le pi e - c. e- of si l i con  but
must  be mounted with Onl y a small dead sect ion between ad jacent  st r ips .  The
de tec to r  a r r a y  is shie lded f rom behind , top, bottom , and f r o m  the e n t r a n c e
col l i m a t o r  b y lead to reduce -  the  b r e m s st r a h l u n g  back gr ound.  A shielded de-
t e — c t o r  at the  h i gh  ene r gy  end provides  a back ground m e asu r e m e n t ,

The st r i p d e t e c t o r  is  de s igned  w i t h  7 s egments  of 1 cm wid th  at  the  low
e n e r g y  end , 4 s egmen t s  of 2 cm wid th  at  the hi g h e n e r g y  end , and a 1 cm wide
segm e n t  fo r  c .a ck g round m e a s u r e m e n t. The junc tions between ad jace nt seg-
men ts have a 0. 25 inch long s t rip  of 1/ 16 inch coppe r ex ta -nd ing  to the  magne t
po le ’ ed ges as an e l e c t r o n  sh ie ld .  Five ba f f l e s  of 30 d e g r e e  a r c  length a re  in-
stalled as shown in F igu re  4. 3. The baf f le s are  limited to 30 to reduce thei r
i n t e r f e r e n c e  with  the magnet  f o c u si n g  proper t ies .

The segmented s t r ip  detector  desi gn was chosen over the use of position
sens i t ive  detec tors  f o r  a numbe r of reasons,  The use of position sensitive
detectors  would have requi red at least three (3) ,  which requires  sax (6) pre-
ampl i f ie r/ ampl i f ie r  chains , alread y half of the requi rement  for  the segmented
str ip .  The position calculati on e lec t ronics  are easil y the equivale nt of the re-
mairu ng six (6) p reampl i f ie r/ amplifier chains;  the refore , the segmented stri p
doe s not require  a significant amount of additiona l electron i c components .

The segmented str i p detecto rs can be made to ope rate with a tota l re-
sponse time of less than one micr osecond , while the position calcul ation elec-
t ron,tcs typically requires several microseconds . Thus , the segmented strip
can ha ndle coun t rite s (and fluxes) near ly an order of magnitud e higher than

___

_
_____ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  

—a 
- - 

~~~~~-- -

- —

~

-- - -- _ _



______ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -~~~~~~~~~~ -~- - -~~~ -— _ - - -

_ 
_ _

_
1 :

I ________ _ _ _

38

- -

L . 
— - -  —--- - -~~--~ -- -- - -- -—-.---—--- ---- - - -



~~~‘ 
_

~~~~~~~~~~~
- -

~~~
--‘--‘--

~~~
- - _j i =—~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ — ‘u’

— f

:‘ — 
- 

~~• 
~~~

~~~~,_i~—i ‘A  r- ~~~~~~~~ 4-~ I / — 
~~ : ,j~; ~I r - -

~~ 
— ~~- I,

~~~~ 
I ~ 

c

t_ 
~~~~~~~~~~~~~~~~~ ~~~~~~~ 14

1 f-’~~~~~
--. E ~~~~ -:

~— --— -‘r’ / ‘
~~ ‘ i I;

I -;
~

‘ 
~~~ tIe

— - 
— — — — — — —

-9

39

_ _ _ _ _  — ——- - — - _
~.. ‘- 

—--- ---- - —‘
~ 

—— -~~~~~~~~ ,--~~~~~~~ - — -  ~~~ -~~~~~~~~~~~~~~~ - — - — -~~~~~~~ -~~~~~~~~~~~~ — -—-- - --~~



r — —_
~ --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

-

- 1! - -

~

- .- - - -- - --.-—— - -

~~~~~~~

- “ -

~~~~~~~~~~ 

- -— _ —

~~~~~

—

~~~

- - - —

the position sensitive detectors.

Finall y, the segmented strip can ope rate with all segment s in anti-
coincidence , thus strong ly reducing the effect  of backscatte red e lec t rons  -

f rom a low to hi g her  energ y position. A position sensitive de tec to r  cannot
elin-tinate such backscat te  ring events on its own length. The segmented
st rip shoul d thus provide muc h sharpe r  cut - off ~ fo r  electron spectra  vary-
ing s t rong ly wi th  e n e rgy .

The posi t ion sens i t i ve  d e t e c t o r s  can  in  p r i n c i p l e  give b e t t e r  e l e c t r o n
e n e rg y  r e s o lu t i o n  via the pos i t ion  s i g n a l .  T h i s  is somewhat  d c -g r a d e d  by the
e lec t roni c noise added to low e lec t ron  e n e r g y  losses  and the s c a t t e r i n g  of
e l ec t rons  an the s a l i L u n .  U l t ima te l y,  i t  i s  l imit e ’d  u y  the numbe r 01 e n e r gy
c h a n n e l s , w h i c h  i s  d e t e r m i n e d  b y the  numbe - r of~ s c al er s  used .  The des i gn
in Fi g u r e 4 .  ) u s e ’s 12 s c ah -r s  b r  an 11 p~~ i ! i t  e ’n er g y  sp e c t rum  and i s  un -
l ike ’lv  t .~ u a ,-~ i ’  ro v e - -I  s i g i : a f i c a n t l y w i t h o u t  a l a rg e  inc r e a s e - -  an  c i a - c. t r on i c
cor ~~ p o f l e ’ n ts .

i he  , i ’~i c .  e l eC t r o n i c .  -. a u r  t h e - ele  t r o t - i  sp r a t r o n i e t e r  i s  c .u t l n e u  an i- i g u r e
4 . 4 . C o u n t i ng  t h~- 2 t ) ~ l c.ii:~ d e t ec t o r , a t ca t.d ul  13 r e-~i a p l a i i e r / . t z - ~~~a i i t i e - r  c h a in s
are  r e~ j a i r -  . i he  b a — a c . .  l - ,~ ic . :  b r  c. u i i  ad n L e  ( 2 ( ) ( )  ian : d e t e c t - r ) /  a n t i — c .  ~ i nc. i .

den ( e’ p. ’r ;~t i  ~n i s  s ho w n , A set  ot 12 s c a l e r s  co u n t  t he  I i  ‘ ‘ ie ~~ - t r ~~ n c h a n n e l s
and one- a~ i .  ~ c . z r - -w ~i ch a nn e ’ !.  A d - I i t i c . ’ n a l c a r c .  u i a r ~ f o r  c o n t r o l  a t  cy c l e - l a n a i  5 ,

- , a re’ na _ t a ncluded as the- ’ v w’ouid -~ ,‘~~, O f l r  — ‘n t h e  i n t e r f a c e  r equ  r e n a e L ’ —~

~~- - r  th e-- - .t ~~e~~~h t e ’ in  whic h the e lect  ru n  -‘p c - c. r or ne te  r i s  p laced .

F ig u r e ’  4.  3 ,t l s o  s ho ws  a space  b r  an a n t i — s - i n ~ i d e - n c’ s c i n t a l l a t u r  c.e- -

h i n a l  t h e  - o ’ g x n e - n t r a i  - a t r a p  ~e — t e ’ ~ t e a r . 1 h i s w - - .hi  a l l c . - w  the  ~a s e -  ot t h e  s ; a r c t r o _
fl~~~~t e ’ r w i thou t  the 200 ~ a aa de- te t c. a r a a -c.d in  the r e -  Se ’  nce 1 pen e  t r . t t  I n~ ra  - a a b a  fl

l~e c . a use u t  t h e  l , a r c .  ce ’ c . n n e ’ t r I  :~~~- t c .~ r ot th e ’ s c a n t a l 1 , ~t o r , the pe n e t r a t i n g  i i i i x

( g e ’n e -  r a l l y h i ,~h e n er g .  p r o t o n s )  a n n e t ur  t o  g r e - a t  lee - i- a - the s c in t i l l a t o r  c c . - u n t
rate ’ b ecu an e s  too h i g h  t o  he u s a - d c .  1 he a n t i — c .  o i t o i d e n ( e  ‘o i n t i l l a t  r a s  t h e n —

in d ic a t e d  u n i v  as a 1 a ’- ssi ~, u l i t y  t c . r  c e r t a in  v e - r y  s p e ’ C i I I L  f l u x  n a c a su r e n - a e n t  e o n —
da t ion- ’ ,

The prope r t i e s  of the a n a g n e - t i c .  e l ec t ron  s p e c t r om e t e r  d e c .  Ir o n  c h a n ne  ~s

a r e  i i ’e t e i  in  1 a b l e  4, 1. 1 he G~~E fa~ t o r e .  a r e  i i  e . t e - I l,oth w i t h  and  w i t h o u t  the - ’
2 ) ~~~ ~~ coincidence d e t e c t o r  in p lace , t he d i ff e r e n c e- P a _ - a n g  the  e l ec t r o n  s -

t c r a a i g  f a c t o r s . The G~~E v a l u e - s  in Table  4. 1 a re  e s t ima ted  t o  be ac. cu r a t e  t o
a t a c .  t - r  u l  ~~. In p rac t ice , a b l i g ht  unit spec t romete r would be a l ib r a t e d
w i t h  e l e c t r o n  beams  to reduc e the unce r t a in t i es .  Thi s would a l so  ca l ib ra t e
the  e n e r gy  r e sp o nse  of each  channe l .  The G~~E value s (or fl 200 ~~n de t ec to r
hold t u r  opera t ion  wi th  or w i t h o u t  the ant i -coincidence scin t i l l a t o r .

The  phys i ca l  p r o p e r t i e s  of the p r e l i m i n a r y  fli g ht unit desi gn a re  given
an Table 4 . 2 .  The magnet assembl y wei ght includes all iron pieces , the
magnets , and the alum inum braces (see Fi gure 2. 3) . The l is ted de sign in-
chides the p r e a m p l i f i e r/ a m p l i f ie r  chains with  the magne t/ de t ec to r  a s s e m bl y
and a separate  e l ec t ron ic s  unit fo r  power/ s ignal  processing. If the electronics
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r ABL E  4 , 1

I j c .  t i - o h  i ) t ’ t e ’ t i o~~ P r o u r r t i c ’ s o~ the ’ I- li~.- h t  ~~I a l t l ) e - s i g n

E le - -~ t r n  E 1e- c .  r ot i  Aye’ ra ge  Bin ~~E wi th  G~~E w i t h o u t

Bin  ~~ra r~ a Ru n~~c’ E n e -r g  a ~% i dt h  200 ~zn d e t e c t o r  200 ~~~a d e t e c to r
\wn be- -  r ~Nt r V j  ~ ( MeV )  .~ F. t~~t c V )  (cm — s r — \ t e V ~ (cm — sr  — Me ~‘)

a , ~ 7 - ~, ~, l 1, 19 0. t 4  7 , 1 — b - 4

2 1 .~~~1 - 2 . 17 L a - i  ( L e n  1.~ a — 5. 3 — 4

3 2 . 17 - 2 . 2 . — 1  a , ~ 7 2 , ,~ — 5 4 . 5  — 4

4 2 , a4 - ~~. 51 - . ~~ ~, c~~ 2 ~~ - 5 3 . .~ - 4

~. 5 I  - 4 .  l~ e ,~~ 5 0 . b 7  - - , - 3. 4 - 4

C ,  -~~~• -~ — 4. S~ 4. 2 ) . t c . 7  ~, ~ - 3. 0 — 4

7 4 . 8~ - - - 1  5.  1 
-
~~ - 1 , e — 7  4 . 1 — ~- 2 , 7 — 4

— S 4.S - 4

a te ,~~ 7 - ~. 22 7 .~~~~~~~ 1 , 3~~~ ~ . 7 - 4 . 2 - 4

10 -~~ . 2 2  - 57 5 , 1 . 3~’ ~~ . ~ 
- ‘ ‘~~~~ 

-

11 ‘ , “ 7  — 1 0 .  ‘ 2  1~~~) . 2 5  1 .  ~~~~ c a — 2 , 
-~~ — -i

12 l~ack g r ou n d

* 7, 1 = 7 . 1 x l o  ,

T A f l L E  4 , 2

~~ s t a n i . i t e ’ 4  l ’ h ~~ ~i ca i  1 r ’ p e - r t a e s  oX I- l i g h t  t n t  \~,a~~n e t i c
F i e ’~ b r - - n  ~~p e- c. t r n c - I , - r

Site:  ~-~ a g n c - t~ l)e~c’ - t - - r  A s s c - m~ - 1 v  — ~ L ~ i n a _ - h e s
I- I - c t  i -j f l i a _  S f l i t  — ~ x a x 10 i n c .  h a - s —

~ e i g h t :  M~~gne ’t /  l ) e - t ~~ a t c . r  A s s r m b l~
Ma~~n e - t s , a r u n  y ok e , 1- r a c .  es  - 19 lbs .
Co l l i m a t o r  + lead -‘b ie ’ o l a n g  — 3 lb s .
ij ete ’  t a r - ’  p r e amp l a f i e -  r/  amp l a t z e  r c h ain s  — 2 l h s ~

ru i n  s n a b  — t lb s .
TOTAL 30 lbs .

Power Con-e a a n p t i c . - n  — b r a n  spa c- c r a f t  b u s s  — 10 W

~ , c . , t , : If the r i ,  t r o n a t s a i n i t  a s  con bin ’- d w i t h  l 3 ie ni ag n e t / d c - t e ’ I o r  a s s a - n -~ ah ,
t he ‘ i t  h u e- i M i  i c  would  cc - about 8 x ‘~~ x 10 i nches , ari d a s?n ~t l i  w r i g h t  sav i n g  

-
would r e su l t, The a~~t aa . t 1 de~~a~~n 1 2 or I h o u s i n g s  can hr  lone  to  l i t  spa c e’ —
craf t  r r q w r ez n r n t s .
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uni t can l i e ’ a ombined w i t h  the m a g n e t/ d e t e c t o r  assembl y, a small savings
in wei g ht could be achieved.  This la t te r des ign  would be prefera ble from
a n e l e c t r o n i c s  desi gn viewpoi nt as it eliminate s externa l signa l cables  for
the ’ de t ec to r s .  The ac tua l  use of 2 or 1 hous ing s can be done according to

‘ sp a c e’c r a t i  r equ ir e men t s . The power consumpt ion  ii l O W  is input  power
t o t h t ’  DC, DC c o n v e r te r  f r o m  the spacec r a f t  b u ss  and co v e r s  all i nst ru -
nie nt requ.i Feint ’ f l ts

-‘ . 5 :ON C L IS 1 ON S

A p r e l i z u i i n a r v  des i gn of a t i a ~~ht  uni t m a g n e t i c  e l e c t r o n  sp ec t r o me t e r
l o T  le ’ss t h a n  I to g r e a t e r  than  10 M e- V e l e c t ron s  h a s  be -en l a - s c  r i h . - ~~~. The
d e si gn  is  b a s e d  on an e xt e nsive s e  r i e s  of t e s t s  w i t h  a r a r e — c - a  re-. C - : ~ ; c . l l  r~~t g  -

n e t  a sse m b l y a f l~~ p~~s1 t i c . ’n s r n s i t i \  - - ‘L- l~~l s tat ’’  d e ’t e ’c t ’a r s . The se t . - s t s  p r a a v c - ’ i

t h a t  a n a r a c ’ t  a s s ’r n : - l a  - -a id  c e -  h t i l t  i- i  a na iy ~~ ’ t o  t~~ l e a s t  10 M~ e- l e c . t r - n s .
I he m aj o r  ba5 - s~ r ou nd  -, O i i r c .  c - s  w e  F e -  t o s~ flui t a _ a  hi ’ i t ~~ r r n a i l y s -. at ~ - r -  - e - i e - ~ t r - )n~~,

ar ~~i o r e ’ ms  -.t r a h l a n ~ , n u t h  a n te  r ? u a i  - y and e x t a -  r n a l l v  ge -n e  r a t ed . F r  ~ ~~~ a n —
I c . -  t h e  i t ~ :~~ - r  lec it , ~a t ~ k gr o at ai l  d c i .  t o  p c - t e e - b  r a t a n c .  1 r -  t , t a s  \‘. o L i i n  . t i - . . ~ e t -  ~*

c a n s - i d e-’ r e - - I .

I h t~~n_ t i c. c . e t u i gu rat i oh  u~~.- s  a 1 ( ’ a d — - a h l c - i d f - - i  , ,c ’~~ l t - f l ~~’ 2 — s  r:p s - : ’ — ~
: - a r r a e - : d .- t - c. t i  a t  t h ~ a e L t g t ~ . - t  e x i t  j a i L ! ’ e c i  - a c. a t z a ~ ti ~~ — s a r: dC- - L I

~~ t~~(’ e~~~~t :  ~t c e  c o i l i a l a to r  b r  -~ a t - ~S ~d e n a ~~- : , a - a $  , re ’n c ’n . ~ : a t t t - r e - ~ e ’ l a _- t r o r i
c~ r~~- - t i o i i  i s  t - _~. e ’ ~ b - , c. , a _ i : l , -- — i i  ~ i -  n c .~~i~t - ~ a s s e - . : ; 1- ~. 

:- he s - g : a e  , t e ’ - , —

s t r i p  d r t -~~t o r  a r r a n g e ’ n en t  w;~~c - - - c. - c .  t e ’ e 2  ( c c - a i s -  I t  aS  fl l i L a - r e  ‘~un 1 : h e ’ ,\ h r

t i - c -  p o s i t~ un  s t - I . ’ a i t a va ’ - •
i s  t s r  •~ r r ,~ n~ - .- i u i e n t  - - . t  ~c . I uw~ h i g h -  r a uunt  t a _ - s a~~d

pr o v i d e s  a n t i — k  a n n .  i c . I e n r  - u S  r i t i ~ u i ~a t i e n a a ~a 1 n- - l  low e ’ n - r g ~ e l i - c .  t r o n - ~ wh I ch
a re back scat t c  r~’ -I t a  a h i g P ~ - r  e - t  ‘ rg~ - I c u - c i t i -  0 •

Th e f ina l  des i~~r u se s  e i the r tw o  o r  - ‘n i  h c - a a s i n g s  w i t h  a t o t a l  v ’ -  a t t ~~c

oX O h ( ’ L ~ t ~~ X ‘
~ x 10 720 : n c .  h e - s  a t o t a l  w c a g h t  c a t  a b o u t  30 l l~~ , , and a to ta~

n O W e ’!’ cons umption - a t  i Vc
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The in tegra t ion  is st ar t ed  at t he  point x~~ty ~~
), wher e the p a r t i c l e  t r a j e c  -

t o r y  m a k e s  t h e  ini t ial ang le e with th e y -axis .  From simple geometr ical  con-

s ide ra t io n s ,  x )  can be found.  Then .~x ( y ) ,  the  f r i n g in g  f ie ld  induced  devia-  
-

t i o n , can be added t a _ c  obta in  x (y )

x(y ) = x . ( y )  ‘ ~~ x c y )  )
~A.fl

x. + s - t a n c . + .~x (y )
i() i

w h e re
X X~~~~’ y

~ 
t a n e  • 

( A . 4 )

in t e - r i l s of t n -  a_ hosen in i t ial 1 - c n d i t i o n ~ x • V , and , - T h u s , al l  t c ’ T T l l 5  -
S - J

l i e ’ i— e c. 01) d a t  oc t i  S and t h e ’  eI ev i , a _ t a on ..~ xas -  1 , h e  t r a c c c .  t o ry  x a v ) a _ I c  i c e -  - -an d  t r or

tA. 3),

C c c n c c - p t ’ a i a l l v~ i t  is a. on vef l ie f l t  t o  c o n s i d e r  t h e  p r o b l e - t u -  as c . a _ h a ’ v c -. H c ’ ’ -c. e - v . ’r .

in t n , - p r e a .  c- j u t - c’ b r I o~t ~, s i .-t , - r n hj f l c ’ a t  a : i r c a t l V ,  as is ‘ a ’ . \ p a r t i c u l a r

ana ly t i c a l  t - r - . c ! i c . ’ t c  f c - r  h i y t i s  t h e n  shown t o  f i t  t h e  a_ - a i r ’ . - .’ an Fi g .? . 1 .  T h i s  (ar c. —

t~~ cn i S  u s e -I a r c  ‘ t c . -  g e - r c e - r - a l  c~~i u a t a c rc t a c t -  • i v ) , a l i c’.a _ a n g  arc  .-n t  i r , - l v  ; a _ n a i v ’o ,tl y~~~~—

s ti l t  t a c t  C I a? q a an t it \  . P i s  t o u n d  !~~c .a _ ?  t h i s  t h e n  ‘a i , - i a d s a r e ’ s c i i t  r e q u i r i n g  on ly  a c n e -

s i t u  ~ l .- tc c u -  .— r  o ,il in t e  g r .iI a - r \ ) V  a .

A ’  a ; . - n e r a l  FTa ~- - i a t i -  a s  f or  x i v )  , a _ n , !  • i y) ,

T r c e d i f f e r e n t i a l  eq u a tio n s  f a - ~ a Ic-a r g e - e l  p a r t i c l e - - I i n i t i a l  \ e - i a - (  ~~V V an  I

r , i c i i c i ~ - - t  c u r va tu r e ’  r an t ! u a _ ’  n c ’ l i , ~n p l a n e  . r c ? -  u - l u  l i e  t I  t i n s I - l e  c l a ~~~l i e  t )  a re-

‘
~ ~~ h a y  )v ( , \ , c )  

-

v
0 -

y = — —  h i ’ a - ) x  hA . ’

0

M ’i l ! l t ) l v l n g  t h e  f i r s t  by x, the sec ond by ~~ . y i e lds

a -~~~~~~ yy

.2 .2
or 

- ~~II1I ~~~~~~~~ ~~~~~ ~~i



F ,~ J_ 
r~~~~~~~~’~~~~~~ ~~~~~~~~~~~ 

-

Thus 2 2 2‘x ~~ / = v  (A,7)

and t~ b a_ c a s i n g  t b - n  proper  si g n  f or  ‘y )

= _ ( ‘ . ,
2 

- (A . 8 )

a , i v e ’n ‘x ,  .- is t hen  i t n a t i - I  i r a c i n ( A ” L F r o i t i  ( A , 5 )

y

- h (y ’ ) c i v ’ ‘

T t a a a s . i t  ‘.a e c I e - i i t c , ’  I t o -  quan ’ ity

I l c t v  I c ly ’ 
aJ

i i v ’ i i ’ a ’ (A , 1O)

_u~. 
~~~~y t - s i n e  ( A . l 1 )

r a -
0

- f ( ,-‘ac. .  I I )  t c y ’ i .- \ , $ )  ‘ a - t a - l d s

si ne — 1; ’ ’ . - )
! . e r ’ , v i  ~~~~~~ 

- ‘
~~ i ( A . 1  2 )

-
- , - (I’ “ i i ) ’ —
- t .  () 1 P

P L J

T ’ c t s  -~I a a a t i c a t ’uis  - i c - f i n e - ”  ‘ l v ) ,  a~ ‘ . a a c i g h t . If  t i l e ’ a a a l ’ a t  i t  ex p re$S i O f l  t b a ’ S Cf l  to

- 
~~‘ ~~~~ ~ in ’  e-’g i -a h l e in A. l a _ i a ,  . c v )  is d e f  i t o - a t  an a l v  a c a l l v  f r o m  (A. I Z ’~. Althoug h

I s  r .- a _ 4 i u i ’ rd o f a r - - i  x i v )  hed ova , s l i t. a ng l e  e at e n t r y  t o  the  un i form fiel d is

o ‘ t -  •- ,-a s i i ’ .- det er  n - i c c  .- ‘!  — a a c. ,,n I c . ’ I e ’e ’i i  f rom (A .  I 2 )  — f rom

sit - I c s in ’ - P t (’)I/ r (A.l 3)
C ) i I-

x l ~~ 1 a n  f le”-L he ‘ - cu b ’a- uc t a - ,~‘r a t  ion  - (A .  1 2 1 , wh ich  n-aust he car r ied  out ntu’n —

.‘r l a  ally f a c u- a r ,  r -  a s  - ‘c a t ch  at - c u r a t e a 
~ ) r epr ese ’ntat i on .  I he re sul t  I s

_ _  _ _  — - - -
~~~~

-

— ---_ — — - _---- — — ~~~~~ -~~~~ --— _ - - - -- -—------_ --- ---—--~‘ --~~- - - -- -- —----------_--a-—--_—-~ — - - -



= x - x =ftan~(y t)dY ’ ( A . 1 4 )

T h u s ,

- x •f t m n e ( ~~~) c j ’ .  - (A . l ~~)

‘.‘. i t l i  t an . ( v ) g i V e - n i c y  A , l  2 ) .  1 i c c ~~ . at c ’n t r v  i - c  ,h . -  a r r n a l a c r o c  ? I e ’ l a l

a )  - .

‘.
f

~
t c a _ r e ,  v ‘P ly ’ (A.  I I

in  s u r t i r u  - a t - V .  f - - u- a n .  P V I , P c v )  i s  - ! r f i r c . ’r t  I cy  ‘a .  10), , t a _ n e t  x a te  foun d
a _ C

f r , - r r .  - .- \ , I  ~ ) , a _ r~ c . t  ( :\ , 1 ’  1 . ,e~ i el  t I e ,  • r , a _ j . t r ’a X i v )  I l c a l l  ( : \ . 1S)  ‘.t~~t 1 , ! a n l , ( V )  a ’ I e t a i n e  ‘1

urn A - 1 2

P c - u - c u l t s  ~ a - r  P ( ’ . - ) ca it h a r c  ,‘ \ u c a l v t i a _  al  A a a n r c x ? I r , a t t c  Ti  I c - u  L I ’ . ),

he’? it b~ a s s i I r l c e ’ a l  t h a t  h i y ) ar c  be ~~r i t t e n

N

h a y )  e
1
~

’. ~~~~ a y
1 _ l  ( A . 1 7 )

That  t h i s  a s  a g c - a c d  a pp r - x c n  . i t : e - u c  f r  t h e  - h - p e - n c i c - n c . e a a (  h a - r e  V in  Fi g. I a c  sh ow n

in j e’c t j a a n  A.  ~ n e ’ l c avc.- . t u c e n u n - -h er c -~~ t e r l i l s  N tha t  m ust  be used is - 

~4 , Ln

order  for  h ( y )  to have  the  value a i n i t ~’ at v~~O . w e t r u st  have ’  a
1 

1 A f u r t h e r

c o n d i t ion  is obtained by r e-q i - i r i n g  t hat dh/ ”t y O at y 0 . wh i c h  r equ ir c’s K - a 2 .

t h es e  o n c t i t  I a _ e n s  a rc  used  in ~‘- e - a_ l i o n A. 4 in developm ent of a leas t  squ are p r e a -

c’ edur r t a r  det er m i nin g t h e  cons t~~f lt s  a t h a t “best l i t  - an , ‘x r e e r i ncen t a l  h ( v )

-
~~~~

-
~~-.- such  as  F i g . A .  1.

so 

~~~~~~~~~~ _
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• 1
H e r e .  A , 1 7 )  -i~~ subst i tu t ed  into A - I D )  an d integrated. After  sonic re-

a r r ange ment th y result  can be ‘. r a t t e n  as fo l lows ,  a s suming  y - - ~~~.

N,
• -K y~~~~~ - I

I~ I v )  ~~
- 

~~~~~~~ 
g y ~ ( A . 1 8 )

• j~~l

w h e r e  
~~~j ~~~~ 

a (A , I~~ )

T hac ’e . g a ’ .  ,-n all of the ’  a a r c c c  K. t h e ’  g (-an  be d et e ’r n ine ’d f i - u r u -  a 1 ‘I ,  i n s a -~~ar
a 3 3

~a _ —  t h e  I r a  e’ t o r ’. a l e -I ‘‘ a - ’r - a n a t i o n  i s  a_ - - - r c c . - , ’rn ed .  t u u ’ t h e r  r e f e r e n c e  ‘0 $ p~ a ‘ 

u i c . c t  s u h s, ” q r c e ’n t I a .’ P a_ - r c a - -: . - . ~~~n c .  e - I c ! - , ‘P. - v a lue  ~ f P~~v )  (re in - _-\ ,  l~ ~~~~

an A l . ’)  f -  r c a se  a r c  .-\ 1 ) , N c - ? , - t h a t

- g /l’: (A. .~~)

— 50 l l i , a t  ‘ l u ’ e n t r a n c e  an g le  e is  ra c . li c-  found  fr om - A . 1 3 ) a ’rc c. e’ i f ; - - ’  h l y l f i t  ~A , ] 7 )

n a  -a been o: lcp I ‘‘t cc l.

A , 4  Least  S q u a re  P r o c .  edure  - u - ~- - i s t i n g Ii  y l .

B e c a u s e  h l v )  c ontain s a n o n - l i n e - a r  pa r . erc u ’ f c r  K. t h e ’  u sua l  leas t  sq u a r e

p roc edure  must  be’ m od i f ie d  s c . c r c rwh a t’ It is not d i f f icul t to f ind  he ’ genera l

r a n g . -  of valu es that K must hav e , g i~ ’ - t c  t h e  experim ental data h , ,  v . ,  1, N
1 1

- that  must  be f i t t e d,  H e r e  we s ha l l  h a v e , as f l o ? e - d  above,

a
1 

I
- (A . 2 1 )

K = a 2

T h e r e  a re ,  t h er e f o r e . N - I coeff icient s to be determined fr om the N values
1 p

of h (N ) N ,).
P 

p a

___
_  

_
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In the case ’ of interest here ,  then .

N .

h ( y )  ~~~~~~~~~~~~~~~ a .y~~~’ ; a 1 1 (A . 2 2)

B ec a us e  th e -  a i t - f l e c t i o n  depends on th e  magni tude  of h ( y ) .  th~ t r a jec to ry  t hat

dev iate . s h-ast I r o n ,  t h a t  w h i c h  woul d ac tua l l y u c . u r  in t h e  f i e l d  h ( y )  should be

obtained b~- n i in i n i i z i ng  t he  a c t u a l  d i f fe r , .nc es  in f i e ld  magn i tudes ,  r a t h e r  than

m i n i r c - a c i n g  t h e -  f r a c t i o n a l  d i f f e r e n c es .  T h u s .  w u ’  w r i t e -  t h e  sum i f  the sq uared

de’ v i a t a a a t a s  as

= (~~ y~~ 
- h i  ( A , 2 I )

T h e  pr a a ~ ‘ I l l T  e’ u sed h e - r e ’  i s  to  v a ry  a 
, 

t h r  c a u g loa ui t  a se lec ted  range e I

v a lu - s , Fu r  eac h given a , t h e ’  va lues  c f  a (j  ~~ , N )  a r e  de te rmin ed that  pro-

vi de  t h e best l e-a st s q u a r e  f i t  t e e  A ,  ~ ~ , an ~ t he  a ss oc i a t e d  va lue  ~~Ia 2
) 2 is found,

The  op t imum v a lt i ,- - i  - e 
~~

, an.! a s  s a c .  i a t ed  a a~ - - 3, N . ) .  i s  t hat for  wh ich  .~ (a
2

) 2

is tic m i  f l ; t i l c c .

Fa r COnvef l i et l e  r W~ let  = a . j 9  i - I .  and  J N - I ,  and obtain
~i- l  1 - ni i

N
fl u- 2

= 
~~~~~~~~~ 

~~~~~~~~i~~
’
i 

~~~~~~~~~~ 

c
3Y~-’ - b1(c

1 ~A .24 )

wher e -c 1y 1b.(c
1

) h. - ( 1 ~‘c 1 y . ) e  (A .2 5)

we will  vary c
1

(e5
2

), w h i c h  def ines b1
(c

1
) for each y~ , and find the

c . ( j  2. 3m 1 that minimiz e i~(c
1

). Proceeding in the usual way by sett in g

d
— = O ~ m 2 , J  (A .2 6)dc mm

_ _ _ _ _  _ _ _ _ _ _ _  - _ _ _ _
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y i elds  J~~1
- l  equation s of the form below ,

J
111

‘ It e, - B ni 2 , J (A .27 )
r e e ’  j  ni , J + 1  m

ni
i 2

V.’ hqc y ‘

- 

(A. 28 )

111 ~~~~~ ‘~l~
’i

1
~t uc ,J  - ~~ 

- ( I  ~ c . v . ) e  j e  (A . 29 )

n c r  - -g  r a I n  s U s e - a l  t o  sok , - i ; i s  S (‘I of , - ( l t i . e t i a  ‘fls w i t h  ‘he p rocedure  described

.a _ T , ’~~ % \ , -, c U; ~‘e ’ c t I c - T I  - \ , 5 below ,

A,~ P r o g r a m  D e sc r i ption •t n d App l i c a t i o n

In t h ~~~s s e - c .  t i a n th e  F O R T R A N  II  n r a c g r a m s  used to f i t  t h e  h ( y )  data and to

t a b u lat e’ t h e  r e su l t s  a r c  g iven .  ;‘long wi t h r e s u l t s  of application to a “typ ical’’

h i v a  - P e g A . l .  T h e r e  ar c  t W a ’  p r a a g r a m $ I  MAGL SQ . FT and MAGTAB.  FT.

l a e ’  l i t - s t  reads in the hi s - ) data and obtains  th e  least  square f i t .  The second

gives t he  e un s t a n t s a and g ,  and  t a b u l at e s  ‘he calculated results for h(y and

MAGLSQ . FT is listed in Fi g,A.3. wi t h input and output in Tables A.Ia and A . l b .

Statement s Description

0-5  Read in tabular array of y( j ) , h( j )  for NPT
points (Table A. la ) .  Thi s program is re -
turned to by MACTAB, hence it is necessary
to decide initially (K) whether  to input data
on start new iteration ,

1 0 - 1  5 Choose number of max pt to be fitted N~ (fit sI~
ways starts at J 1 )  and total number N j of

coefficient s (top Table A. ib). Set up an array
P (j ,  k )  needed later.

c3



‘.~~~~~~~~~ ~~~~~

C MAOLSO.FT: I-IT TO H (Y) FOR MA O ANALYZER ,1/9/7~~.
C MAX VAL N I IS 9; VAL ’S CLK .0000l NEGLECTUI(SEE 21 LI C 1~tLOW ) .

COMMON NPT . Y ,H ,p4I’,NI,JN.C .P ,14
DIMENSION C (9),M (30 ) ,Y (30 ) ,P (30.lt) ,Le(8,9)
W R ITE (1.11 3 )

1 R (AEi (1 ,114)K
IF ( Pa I 3. 10 15

3 READ (1 , 1O0)t~~T
W RI TE (l , 1 I 1 )
DO ~ J 1 .NPT
UR I T ( (1 1 01) J.

S READ ( 1.102)Y(J) .H (J)
10 REAE I (1 ,11 0 )N F

RFAD ( 1 . 1 12)N I
JM S N!—1

[‘0 1~ J~~1.NPT
DO 12 Pa 1.M

12 P ( J p P e ) S Y ( J ) $ $ P %
IS CONTINUE
16 WRI TE ( 1 .10 5 ’

R(A1’ ( 1,106)1
IF(L 11.17.20

17 READ (1.1o7 )Co.CD.c1
WR!T (( 1.100)
N.0

1~ CI.CO 4FLOATCN )$C [’
60 TO 21

20 READ (1.103)C1
21 Z.100. *(C1 + .000009)

I~~z
Z— Z---FLOA 1 (~ iPt. 1000,5!
CI.(F’LOAT (I )+FLOA T (M) /IQOO. )flOO .
C (1 ) C1
[‘—2 . SC 1

C C (J ) -AC J 4I ) IN WRITF-UP . NOW FIND C ON ST~~.
10 30 M .-2.JM
PM- 0 .
DO 23 ! ‘- l . N P

Z — C 1$Y (  I)
(-0
I F ( Z - 8 6 . ) 2 2 . .2 . .~-S

22 E-EXP (-Z)
23 P M — P 1 1 4 ( N ( I ) — ( 1 . + Z ) * ( ) SF*P-’ ( l , M )

I~( M . J M 4 1 ) — P P i
[‘0 27 J-2 .JM
PM-O.
[‘0 25 I.1.NP
Z — D S Y ( 1)
(-0
IF Z-ee .124 .24 .25

25 PM-PM + ($P (I.M+J)
27 f e ( M , J ) PM
30 CONTI NUE

C ALL CONSYS I- OUND . SOLVE (0 ARRAY.

Flg.A .3~ MAGLSQ. FT LIst ing
(cont. ne xt page)

54
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[‘0 70 Pa—’2.JM
P~ ,Pa )

I— P
[‘0 62 Pi K.JM
IF P (M .J )—E 1 62.6.1.61

61

ec CONTINUE
[‘0 64 J”P..NI

I’ (Pa .J)—1~( 1 ~J)
64 I~~I.J)~~E

110 6t. M ’ .JM
66 C ( P i = I ~(Pi ,~ —~

[‘0 69 J . P a . t 4 1
~~~a~p J ) e f ~(t ~,J) ,’( t~I- - )

[Co ~I 1 ( M  i- )e~~.68,6”
Ec~~Pi , .C )  - L ; ( P i , J ” -  C & Pt~~*P ’~ . J ’

oil C O NT I N UC
C~~N Y ~~N tl t
C O N T I~~t 1
t c~~ ‘1 J’ 2.J P t

Ce J)—~~(J. 1 4 1 1

r Il iie Cf e r’~~~L L  T( PU K 1’ 1 C i ,J. ’,~~’i, WI TH C1~~A2 AS 1N~ ’UT~~ ANr ’ * 3 — 1 .
C ( A (  U~~~ ( I f  OP III AN ~~~~ [eF V .

~
e -  

~~
r - c ~ 

“ ‘- I~~1 ’N r
~~ 7 1* ~ ( I )
( - ~, a)

E IXF’ I ~ 1-’a ,,,A , 3 ( ton I , )  MAGL~~~, 1- 1 Lzptin~IPt cc .
[‘0 4 j r ,,si’~
IePi a. FC P 4 + C ( J 1 S i  I.J)
14 N’C*I’Pt H I ) 4 ( 1 . ~~ Z C S 1

r~~ - r r e r u r~~oA r a p 4 r a )
I~~C ( ) i -  .07.80
wr~1 T r ( 1 . 1 o 4 ) E  P

1.0 TO ~~4
WF ~ I T1 . 1 0 9 ) C 3 , I e t i

• N N+1
i r c c i - i t  ) 19 , I o . 16

84 C*t. 1 LNA1tR PtA(.,lA ke ’ )
t~~~~~ rncpq AT (~~p4~~. PTS 30 TAP . . N F T ’13 )

• 101 FO kPtATeI~ -~
~-)7 roRMATc2 s,F S.7 ,~’x ,r6 ,4’
1~~~3 FO R M AT (’ A2 — ’

~~~IO.6)

1r e 4 FOF~MAT (’M .SQ ,D(V.e- ’F10. ’)
t c i ~~ r Oc ,MAT(fI~~~~IT  L - - 1 f O I I  TO START NEW F l I P  I TERATE *21’

1 ‘ CHOOSE A ’  AND )A1’ULA TE.’/’

3 - 7e- ror~MAT ( 1~~~I3)107 F O R M A T ( ’ A .. Pi1N. ’ F 10 .6 ./ ’ DEL A 2 — ’ F 1 O . 6 . / ’ A 2  MAX — ’F1 0 ,6 )
108 FO~ MAT (/’’M(AN bQUARF DIV . IS FOR P~P PTS’f’ A2 M.S0.t’EV.

1 ‘ SUM SO. [‘(V.’)
P 109 FORMAT (F7.4, ,F1Ci .7.2X.P~!.’,9)

110 FORMAT (’MAX PT TO P1T. NP.’13)
1 11 FCi~ M*T (//’ J Y (J i  H (J~~’/ ’III XX .XX X. X X X X ’ )
11.’ FO~nMAT(’ TO3 . PU). A (J) COEFFIC IE :NTS. H1 .’fJ)
1 13 FORMAT (//’S (T P~~- i;o~~i rU INPUT III [‘*1*1 NP.NI UALUES$’/

1 ‘ OR TO STAId I rEI ~A TI ON . ’)
1 14 FOR$*T(’k” ’13) 55
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.R MAGL SQ

SET K- - l IGJ - L TO INFU1’ FIT DATA; NP.NI VALUES ;
0? TO START ITERATION.

K .-l
NO. P1’S TO TAP..NPT 3O

qJ Y(.J ) H (a ,J )

III XX .Xx x .xxx x
1 0.50 .9 600
2 1.00 . 7100
3 1.50  .2650
4 2.00 .0600
S 2.50 .0055
6 3.00 - . 0 13 0
7 3.50 - .0155
8 4.00  - . 0 16 0
9 4.50 - .0155

10 5 .00  - .0 1 3 0
I I  5.50 - . 0 2 0 0
12 6.00 - .0080
13 6.50 - .0060
I -A 7.00 - .0045
15 7.5~ — .003 5
16 8.00 - .0030
17  8 . 50  - .0025
18 9.00 - .0020
19 9.50 -.0018
20 10.00 -.0017
2 2  10.50 - .0016
22 12.00 — . 0 0 15  •

23 11.50 — .001 4
24 12 .0 0  - . 0 013
25 22.50 -.0012
26 3.00 - .0011
27 1 3 . 5 0  - .0 0 10
28 14.00 - .0009
29 14.50 - .0008
30 2 5 . 0 0  - .0007

1a ~~1e A . l a . h ( y )  Input Data t a r  MAG LSQ. FT

- 
- 

56
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M AX PT TO F i t ,  NP 30
— ‘ ‘r O T . N O .  A( .J ) COEF FICIENTS ,  N I . 9

~‘ET L - - U 03 l TO START N E W F I T ;  I T E R A T E  A2 3 CMOOSE A2 AUD TA BULATE .

L 0
A 2 M 1N 2 . 1500 \ ot e :  A sepa ra t e  broad r a n g e — scan on
D EL A2 0 .0200 a-, (not shown)  be tween  1. 0 an~
A 2  M A X 2 . 19 0 0  4 . 0  found  th e  r e ’ ca ur .  2 .15 to  2 , 19

to c o n t ain  the  m in im um. Shown

M EAN SQt cAFF DEl) . I S  FOR NP PTS he re i s  t h e  scan  of t ha t  re’~~ion .

A2  ~~~ .S C. 3 E’J . SUM SQ. 0EV .
2.I50i~ 11.0009633 0.1100027836
2.1 700 0.~~~~~~~63 0.0~’~~’26866
2 .1 900 0.00)1762 C.~~~~~~38726

SE T  L--1 ;o; i TO START t E~ FIT; I T E R A T E  A21 C } 1CC~SE A2 ~~~ TAP~’L~~TF .

L 1

t~~. ! C. D E V . — ~‘.Ci~~946’

I , ~~a 1 , - A . 1 l c . ~i i~~~~~~~s I - - r  \~~ -\~~~~~~~~Q, F 1  ~~~~~~~ \~~~~

57



I c - ’  I ) a ’~ i d a ’  ( L)  ~;h et h e r  it iS a t c - s i r e ’ d  $0  i t e r a t e -  a 2
in ‘- r d e r  t~ ’ L a - -  ~~ata ’  

~~~!T t ~~~’
’ ~~~~~~~~~~~~~~~~~~~~ o r  a

a p a r t ic u l a r  v a l u e ’  a - f  a 2 and eventua ll y proceed
‘o \ IA ( TA ~~~ . F I to  tabulat e re - suits of f i t .

7 t e a  1 P c-ad in a -, d a t a  a c t  it er :t t  i a c i i  ( i f  L - - 0) t a - p  Tab le  A. l b  ).

20 II e’ad in a , to  ob ta in  a. - t I  i i  i a - n t  s and  t a b u l a t e  r e —

s u i t s  L~~ 
r) ( t > a .c t t u~~i i  Table A. ~) -

_
~i i c  30 F in d  P c.~~ e - f f i  i e nt ’— (e l i i i : ~ n t t i n ~ roundoIf) .

30+ ‘~~, 7 1 ~ a - I V e  ~t r r i ~v fo r  a .  ( a .  i n p r a c ~~i - a m )

7 1  ‘ t o  7 e -  - (. a! -. u L e t e - m e - a t ;  squ a r .  d e v i .~~ion ,~ ( a 3 ) and d i s —
;) l a V  dep e n d i n g  a - f l  L v a l u e ’ .

77 Pr  c c  e ’ed  t e c  ~a~~A ( A A  lb 1- ’ 1 ni~~-~~~ c -  r 1. 1

N~~-\ c ,1 .-\ R .  F l  I S  1i ~-t e d  in } - n g . .-\ .4 ,\ ; n t - n ,  a - P I +~~a f l t  in T a b l e -  A . .~~.

De ’ s c r i n t m ’ n

~ - ~~ (~ , e 1 c a c l e t e ’  a n - f  t . e b ’ i l a t  a a a n d  L’ . t o p  T a b l e  A. 2 ) .

~ ~. t a  c .  ( a l a n d . t t ,  a n ; - ;  ‘a b u l . e t e  h a y )  ; c - ~ d l~~~v i P

7 . c~~- l a -  A ,~ . I- n- - t  • h r , - a ’ c h i n ;  n s  a r e  l r .p f l t  d a t a .
T e b l e ’  A . i a . i  - - i~~- t ~ c Lin ic i s  •h. alculat ed
val ue  a~~ h~v (. - afl d I I ~ ’r ;  I s , — h ~y t- . La n- t c ’ c l a i t i ; n
g i v e s  1 . v ) . 1 - I l n a l  a c ~ ) c r a t l c a T l  ii 1 r c g r C l 7 )  r e - t l I F f l -’

‘o \ .- \ ( ; 1 . ~--u. FT ~~- n - n a ; r t - , - r  i i t t - i n - g .

A.’ ( o f l a l u S i .  - ‘;s

A s  s h o w n  ab o v e - . I c - F  ‘h~ ;‘ .i ~~ ~ a cilar ha v - n a t . ,  u sed  an r u  .5  d i~~f i ’ r  Cnc a ’ 01

c - n l v  _ ) c l i a (-an  cc’ - c~~~~t n c ’d  w i t h  I . I f l (  a c , - I t i C I e - ! l t S . 1 h i s  i s  ( m I t e  small  c c c l i ; —

pared + a -  t h e  a c c u r a c y  w i t h w h i h h v l  t a n  h e ’  t i e a s ur e - d .  i t  ~c ’ ur  c o e f f i c i e n t s

t h e ’  r , - e - ; i l t ‘.aa s , t 1 0 7 3  and  : - - r  sq - ’ n i~ w a s  . ai )) I~~~. V u  h was  g a i n e d  ~~~- i n g  f rom

4 t o  7, but l i t t l e  thereafter. ‘I he = 4 i i i  i s  c e - t i e r  t h ; t l .  t h e  me a~~ 1r a  Ti e t - f l i  a c a  c c r a c v .

The  h y ( fit i~ definitel y s u f f i c i en t ly  a c c u r a t e  c ius t if y i t s  u se  fo r  t h e  H a y )

d a t a  us.-’!. The’ g 1 c c c e ’ f f i c i e n t s  c a a n i l d  he e-ii p le cve ’d dir c c l i v  in (A.  I ~ (wi th  K~ a2
’f

t o  f i n d  f l y .  Eqs. A . ! :) ,  (A . !  ~~) .  ( A . I ~~~~~ ) and ( A . l t - - )  t h en  y i e l d  ~~~ x and x (y )

f o r  a r b i t r a r y  ( The  only  l imi ta t ion  on ( is t h a t  i t  be s u f f i c i e n t l y  small  to

just i f y t he  assumpt ion  ‘hat  h depends  only on y.

I
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MAOTAR .rT : TAI’ULATE FIT ~[‘~Ul.1S FF.~OM MAGL SQ . 1’ 9 /7 t ~.
COMMO N N F T , y , F a , N F - . W t  .JM. CvI’
D I M E N S I O N  L(~~).H(3O ) .Y (30).F’ ( 30,16).6 9)

C SET C J41) C J). SO C (J)~~c at J ), (At’. COEF U’c CC)) ANte G ( J ) .
[0 78 J 1,Jtl

78 C (Nf+l-J )—C (NI J)
C C I  )— 1.
lID 88 J 1 . N 1
I J - 2

!F(I)80.80. ‘~~
79 r -o 80 Ps 1 .1

.)
80 CONT INUE

G (J)—2
-* 

_ _ 4 .
[‘0 86 ‘S~ ~N I
~~~

- j c ’ -a

ir I ) 8 2 . 8 7 . k I
81 [‘0 82 Ps 1,1

~~~~ ?* c r , o.~ a 4 )

02 CONTINUE
1 + ’ ~~~t ( J ~ , ) - 1 ( ) s s ( J S — J )

cf l~~ T INI F
i ( J l s ~~~ (~~~~j e

88 C ’1t4 T I p;n

~~ - I ‘ r ( 1  • 110
[‘0 89 J~-~~, N I

89 uI~ ITCa I • I e .)J ,C (J ? .( J
c I r r r C I F N T S  Ts4 1~L)t ’~ 7Ft ’ .

C TA! ’ . .). ~ (J )  .C t a  .J )AC T .M ,~~l c  J ) LA L L  . LI IFF  ANt’ ~~( V

~~~
- I T E ( 1  1- ’ ”

a Q~~. J l .P4r~

[10 90 t-. . . t - r
[i~~1 C . .~ II
X — ~~ 41’*Ca ~ 

)

I F a 0 - 8 6 , 4 9 l .~~~ ,94
93 [‘~.E X I ’— 0 )

~~~t* 7 .C ( 2 )

(a ’- 14 ( ) -
RPt I ’M4 [a * * ,a

I 11(1 • 108 ’ J . a .  J ) • II  C J . , [a •
8M ‘.(~~ . I ( l a M ,  f’ ) t i e  I P~f T  )

w 1 - I T I (  1 .109)PM.i
CALL CHAIN ( ‘MA (;  hI~~’

V t  FORMAT (I3.7 (2~~.l14 .6c)
- rQ~’ MA T (/ / ’ J Y t -4 c e1 ’ ‘-I i Al 1 P s -  V I ’ )

L OB ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a ) . a a  r~~r,MAT( /’r~Mc r i i r  41.1 , iS-’- ’r ” ,~ .. ’
110 t l f . M A T / / ‘  j  4 ( J )  (,(  C I ’

END

FI g.A .4. ~-~1 A c an - . FT 1 . i* t i i n~~

S9
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J A (s)) G (. J )
0.I00000E.01 11.255593E .0l

2 0 .2 17000E.0l  0 .337636E.0l
3 - O . 6 0 2 6 5 8 E .O l  0 . 1 3 0 8 9 1 E + 0 I
A 0 . 3 53 36 9 E +0 2  1 1 . 53 0 60 0E .O I

5 -O.456640E.02 -0.162918E+02
6 0.258635E.02 0.!27476E.02
7 — 0 . 74 8 3 7 1 E . P)  —0. - t ~74359E.2I
8 0 .308736E .01  0 .849436E.00
9 -0 .645356 E-O1 -0 .645356E--0l

1-tACT HCALC D I R T  F ( Y )
I 11.50 0.961111 0.9 6e0 0.0000 0.70803
2 1.0 11 0 .7 11111  0 . 7 1 0 1  - 11.00 0 1  11.2 654 !
2 1.50  0.2650 0.2648 0.0002 0.02889
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